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PREFACE. 


THE  following  effay  is  fo  fliort,  that 
there  is  no  occafion  for  a  long 
preface  to  introduce  it  to  the  reader's 
notice.  One  of  the  principal  ends  of  it  is 
to  do  away  a  general  prejudice  in  favour 
of  fpeftacles,  namely,  that  they  aft  as 
prefervers  j  k  prejudite  which  has  caufed 
numbers  to  ufe  glafles,  before  they  could 
be  of  any  effetitial  fervicc  *  who  thereby 
force  theit  eyes  into  an  unnatural  ftate, 
and  bi'ing  on  a  very  unpleafant  habit*  To 
remedy  this  evil,  the  marks  are  diftinftly 
pointed  out,  which  determine  when  the 
ufe  of  glalfes  will  be  ferviceable  to  the  eye. 
By  an  attention  to  the  rules  here  laid  down, 
they  will  be  taught  neither  to  anticipate 
a  2  evil^ 
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evil,  by  a  premature  ufe  of  rpeflacles ;  nor, 
by  too  long  a  delay,  to  ftrain  and  injure 
their  fight. 

A  fecond  end  was,  to  diffufe  more 
generally  a  knowledge  of  the  fubjefl  among 
the  venders  of  this  article,  particularly 
thofe  who  live  in  the  country;  and  this 
was  the  more  neceffary,  as  numerous  in- 
ftances  are  continually  occurring  to  every 
optician,  of  thofe  whofe  fight  has  been 
injured  by  an  improper  choice  of  fpeftacles. 

The  nature  of  the  effay  has  given  me  an 
opportunity  of  pointing  out  rules  for  the 
prefervation  of  the  fight,  and  avoiding 
what  may  be  hurtful  to  it.  Among  the 
latter,  the  two  principal  articles  are,  the 
ufe  of  reading-glalfes,  and  opake  fliades  to 
candles ;  both  of  which,  I  have  reafon  to 
think,  are  extremely  prejudicial  to  the 
eyes. 

As  this  elTay  may  probably  fall  into  the 
hands  of  thofe  who  may  have  no  oppor- 
tunity of  confulting  more  fcientific  works, 

I  have 
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I  have  concluded  it  with  an  account  of 
fquinting,  the  proper  methods  of  afcertain- 
ing  the  nature  of  it,  and  the  beft  known 
remedies  for  it. 

I  have  here  to  retraft  an  error,  into 
which,  in  common  with  moft  late  anato- 
mifts,  I  have  fallen,  with  refped:  to  the 
ftrufture  of  the  iris,  and  the  fituation  of 
the  cryftalline,  which  I  fliould  have 
avoided,  had  the  TranfaQions  of  the 
Royal  Irifh  Academy, "  for  the  year  1788, 
fallen  fooner  into  my  hands.  It  is  there 
(hewn,  by  Mr.  O'Halloran,  that  the  iris  is 
not  flat,  but  very  convex,  and  that  the 
infide  of  the  iris  adheres  clofely  to  the 
anterior  part  of  the  vitreous  humour,  ex- 
cept where  it  opens  for  the  lodgment  of 
the  cryftalline,  and  confequently  that  there 
is  no  pofterior  chamber  for  the  aqueous 
humour.  For  a  fuller  account,  I  mull 
refer  the  reader  to  the  author  s  paper. 

I  have  fubjoined  a  lift  of  the  authors,  to 
.  whom  I  am  indebted  for  my  information 
on  the  fubjefts  of  this  eflay, 

*  Ayfcough. 


LIST  OF  AUTHORS. 


Ayfcoiigh.  Short  Account  of  the  Eye.  Lond.  1757 
Chandler.         Tfeatife  dir  the  Difeafes  of  the  Eye. 

London,  1780 
De  la  Caillc,   Le9ons  Elcmentalrc  d'Optique. 

Paris,  1766 

The  Fabric  of  the  Eye.    Lond.  1758 
Harris*  Treatife  of  Optics.        London,  1775 

ttaller.  Firft  Lines  of  Phyfiology.  Edinb.  1786 

Le  Cat.  PhyficalEflayontheSenfes.  Lond.  1750 

Martin*  Eflay  on  Vifual  Glaffes^      Lond.  1756 

Nicholfon.        Introdudion  to  Natural  Philofophy. 

London,  1787 
Porterfield.       Treatife  oil  the  Eye,  2  vols.  8vo. 

Edinburgh^  ij^-g 

Prieftley. .        Hiftory  arid  Prefent  State  of  Difcoveries 
relating  to  Vifion.      London,  1773 
Reid.  Inquiry  into  the  Human  Mind. 

London,  17S5 
Smith «  Com  pleat  Treatife  of  Optics, 

Cambridge,  1738 

Thomin,  Traite  d*Optique.  Paris,  1749 

Trabaud.         Le  Mouvement  de  la  Lumiere. 

Paris,  175J 

Warner.  Defcription  of  the  Hiithan  Eye. 

London,  1773 


ADVER^ 


ADVERTISEMENT. 


Jujl  puhUJhedy 
DEDICATED,   BY   PERMISSION,  TO  HIS  MAJESTY^ 
In  one  volume,  410.  price  il.  6s.  in  boards, 
^Illuftrated  with  ^2  Plates,  and  an  elegant  Frontifpiecej 

ESSAYS  ON  THE  MICROSCOPE; 

CONTAlNtNO 

A  General  Hiftory  of  Infcfts,  their  Transformations,  peculiar  Habits  and 
CEconomy;  an  Account  of  the  various  Species  of  the  Hypr^  ani 
VoRTi  c  E  I  JL  ^  ;  a  Defcription  of  379  Animalcula;  a  concife  Catalogue 
of  interelting  Objefts  ;  a  View  of  the  Organization  of  Timber,  and  the 
(Configuration  of  Salts  when  under  the  Microfcope.  With  a  particular 
befcription  of  the  moft  improved  Microfcopes,  and  the  Method  of  ufiag 
them. 

By    GEORGE  ADAMS, 

Mathematical  Inftrument  Maker  to  His  ^fajefty, 

AN© 

Optician  to  His  Royal  Highnefe  the  Pmjce  of  WaicSo 
PRINTED  FO^,   AND  PUBLISHED  BY  THE  AUTHOR, 

No.  60,  Fket'Streit, 


Jlfo,  yufi  publijked,  by  the  fame  Author, 
In  one  volume,  8vo.  price  10s.  6d.  in  boards, 
(Illuftrated  with  21  Plates,  and  an  elegant  Frontifpiecej 

ASTRONOMICAJ.  Ai^D  GEpGMPHICAL 
ESSAYS: 

COKTAINING 

I.  A  Comprehenfive  View  of  the  General  Principles  of  Aftronomy. 

II.  The  Ufe  of  the  Celeftial  and  Terreftrial  Globes,  exempHfied  in  » 
Variety  of  Problems,  which  are  deftgned  to  illuftrate  the  Phaenomena  of  the. 
Earth  and  Heavens,  in  the  moft  eafy  and  natural  Manner. 

in.  Tl^e  Defcription  and  Ufe  of  the  Armillary  Sphere,  Planetarium, 
Tellurian,  and  Liinarium. 

IV,  An  Introduftion  to  Pra^tj«Jii  Aftron^my ;  or  the^Ufe  of  the  Quadrant 
|ind  E^uatorialo 


Lately  publtjhed,  in  one  Volume,  8vo.  Price  Six  Shillings  in 
Boards, 

An  essay  on  ELECTRICITY; 

Explaining  the  Theory  and  Pra£lice  of  that  Ufeful  Science, 
and  the  Mode  of  applying  it  to  Medical  Purpofes. 

TO  WHICH  IS  ADDED, 

An   essay   on  MAGNETISM. 
The  Third  Edition,  Corrected  and  Enlarged. 


Preparing  for  the  Prejs, 

GEOMETRICAL  and  GRAPHICAL 
ESSAYS: 

CONTAINING, 

1.  A  fele£l:  Set  of  Geometrical  Problems ;  amongf! 
thefe  are  fome  very  curious  ones  for  dividing  Lines  and 
Circles  with  Accuracy. 

I  J.  A  Defcription  of  thofe  Mathematical  Inftruments 
which  are  ufually  put  into  a  Cafe  of  Drawing  Inftruments, 
and  many  other  new  ones  for  Geometrical  Purpofes. 

III.  A  Defcription  of  the  Inftruments  ufed  in  Surveying 
^nd  Levelling  of  Land. 

IV.  A  Defcription  of  thofe  Inftruments  that  have  been 
contrived  to  aflift  the  Artift  in  delineating  with  Accuracy, 
^nd  in  true  Perfpedive,  the  Outline  of  a  Landfcape, 
Building,  or  a^iy  other  Objedl. 


I 


A  N 

ESS 


O  N 

V    I    S  I 


IT  is  propofed  in  this  eflay  to  inftrudl  thofe 
whofe  eyes  are  beginning  to  fail,  how  to 
form  a  right  judgment  of  the  ftate  of  their  fight, 
and  of  the  means  of  preferving  it ;  how  to  de- 
termine when  the  ufe  of  fpedlaclcs  is  necelTary, 
and  fo  to  ufe  them,  that  the  fight  may  neither 
be  injured  by  a  premature  application  of  glalTes, 
nor  Itrained  for  want  of  proper  affiHance. 

But  in  order  to  enable  the  reader  to  judge  for 
himfelf,  and  know^  how  to  chufe  his  fpedacles, 
when  a  choice  becomes  necelTary,  it  will  be 
proper  firft  to  explain  the  ftrudure  of  the  eye, 
and  the  means  by  which  vifion  is  performed ; 

A  for 
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for  by  underftanding  the  principles  on  which  the 
operations  of  this  wonderful  organ  depend,  he 
will  learn  how  it  may  be  impaired,  and  by  what 
affified.  It  is  alfo  prefumed,  that  it  can  be  no 
unpleafing  fpeculation  to  obtain  an  idea  of  the 
fecret  mechanifm  by  which  the  eye  communicates 
fo  Q\3.ny  diverfified  and  animated  perceptions  to 
the  foul,  and  by  which  we  are  enabled  to  dif- 
cover,  with  fo  much  eafe  and  rapidity,  every 
furrounding  objedl. 

In  the  ftrudlure  of  the  eye  we  find  the  moft 
evident  manifeflations  of  exquifite  art  and  defign, 
every  part  elegantly  framed,  nicely  adjufled,  and 
commodioufly  placed,  to  anfwerin  the  moft  per- 
fedl  manner  every  poflible  good  purpofe,  and 
thus  evince  that  it  is  the  work  of  unerring  wif- 
dom,  prompted  to  adion  by  infinite  love. 

So  manifold  are  the  bleffings  we  derive  from 
this  organ,  that  the  human  mind  feems  almoft 
inadequate  to  the  conception,  and  it's  pen  to  the 
defcription  of  them.  While  it  forms  our  ideas 
of  magnitude  and  diflance,  it  annihilates  fpace, 
by  placing  the  neareft  and  moft  diftant  objects 
clofe  together.  To  it  we  are  indebted  for  the 
delightful  fenfations  that  arife  from  the  propor- 
tion and  variety  of  forms,  the  harmonious  mix- 
ture 
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turc  of  colours,  and  the  graces  of  beauty.  It 
enables  us  to  feck,  to  fee,  and  to  chufeour  food  ; 
to  go  here  and  there,  as  the  calls  of  friendfhip,  or 
the  occafions  of  bufinefs,  require ;  to  traverfe 
the  ocean,  ranfack  the  bowels  of  the  earth,  vifit 
diltant  regions,  accumulate  wealth,  and  multiply 
knowledge.  Affiled  by  it,  we  become  ac- 
quainted with  the  works  of  the  Creator,  and  can 
trace  his  wifdom,  his  power,  and  his  goodnefs, 
in  the  texture  of  plants,  the  mechanifrn  of 
animals,  and  the  glories  of  the  heavens. 

The  value  of  this  fenfe  is  heightened,  when 
we  confider  the  miferies  attendant  on  the  want 
of  it ;  for  among  the  numerous  evils  that  affli6l 
the  human  race,  there  is  none  more  juftly  dreaded, 
nor  more  deeply  deplored,  than  a  deprivation  of 
fight.  It  is  to  have  one  of  the  chief  inlets  of  hap- 
pinefs  cut  off,  to  be  fhut  up  in  perpetual  dark- 
nefs,  to  labour  under  ten  thoufand  inconve- 
niences, and  to  be  expofed  to  continual  dangers. 
How  poignantly  this  lofs  was  felt  by  our  great 
poet,  is  painfully  evident  from  his  own  words  : 

"  With  the  year 
Seafons  return  ;  but  not  to  me  returns 
Day,  or  the  fweet  approach  of  ev'n  or  morn. 
Or  fight  of  vernal  bloom,  or  fummer's  rofe, 
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Or  flocks,  or  herds,  or  human  face  divine  ; 
But  cloud  inftead,  and  ever-during  dark 
Surrounds  me,  from  the  chearful  rays  of  men 
Cut  off,  and  for  the  book  of  knowledge  fair, 
Frefented  with  an  univerfal  blank 
Of  nature's  works,  to  me  expung'd  and  raz'd. 
And  wifdom  at  one  entrance  quite  Ihut  out/* 

A  SHORT  Description  of  the  Eye. 

In  defcribing  the  eye,  it  is  natural  to  confider, 
iirfl:,  the  external  parts,  then  the  irfternal,  or 
thofe  which  are  more  immediately  fubfervient  to 
the  purpofes  of  vifion. 

The  eye,  as  is  well  known,  is  fituated  below 
the  forehead ;  it  is  placed  in  a  bony  cavity, 
called  the  orbit  ;  the  form  is  globular,  it  is  com- 
pofed  of  feveral  coats  and  humours,  and  furnifhed 
with  veflels  properly  adapted  to  it's  various 
functions. 

The  orbit  of  the  eye  is  of  a  conical  (hape, 
but  rather  irregular  in  it's  dimenfions ;  it  is  com- 
pofed  of  feven  bones,  and  lined  with  fat,  which 
forms  a  foft  bed  for  the  eye  to  reft  on,  and  faci- 
litates it's  various  motions.  A  confidcrable  part 
of  the  bottom  of  the  orbit  is  open  for  the  ad- 

miffioa 
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miffion  and  iranfmiffion  of  the  nerves,  veins, 
^nd  arteries. 

Thofe  prominent  arches  of  hair,  which  wc 
term  the  eyebrows,  defend  the  eyes  from  the 
light  when  it  is  too  ftrong,  and  prevent  their 
being  incommoded  by  any  fubftances  that  might 
Aide  down  the  forehead,  and  thence  fall  into  the 
eyes.  That  the  eyebrpws  may  be  more  elfedi^ally 
ufeful,  and  form  a  more  perfect  fcreen,  they  are 
furnilhed  with  mufcles  to  draw  them  dovvrij  and 
corrugate  them  ;  and  when  we  are  walking  ^^n  a 
dufty  road,  or  when  we  are  expofed  to  a  dazzling 
light,  we  pull  down  the  eyebrows,  and  thereby 
fhade  the  eye  from  the  glare,  and  protedt  it  from 
the  duft.  We  may  gather  from  hence,  that  thofe 
fhadcs  which  encompafs  the  forehead,  and  that 
projedl:  about  three  inches  from  it,  are  properly 
adapted  to  guard  weak  eyes  from  every  offcnlive 
glare  of  light. 

The  prominency  of  the  eyebrow  s  gives  a  cha- 
rafter  to  the  face ;  and  hence  Le  Brun,  in  his 
directions  to  a  painter,  with  regard  to  the  paffions, 
places  in  them  the  principal  force  of  exprelfion^ 
The  eyebrows  form  a  deep  fhade  on  the  canvas, 
which  relieves  the  other  colours  and  features.  A 
depreflion  of  the  eyebrow  is  an  indication  pf  con- 
A  3  ccrn 
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cern  and  grief;  whilfl:  an  elevation  thereof  flievvs 
that  the  mind  is  either  affe(5led  with  joy,  or  en- 
joying the  ferene  delights  of  tranquillity. 

The  eyelids,  like  two  fubdantial  curtains, 
protect  and  cover  the  eyes  M'hile  we  ficep  ;  when 
we  are  awake,  they  diffufe,  by  their  motion,  a 
fluid  over  the  eye,  which  cleans  and  polilh^cs  it, 
and  thus  renders  it  fitter  for  tranfmitting  the  rays 
of  light. 

Each  eye  is  furnifhed  with  two  lids,  the  one 
fuperior,  the  other  inferior,  joining  at  the  two 
extremities,  which  are  called  cantki,  or  angles. 
Both  eyelids  are  lined  with  a  membrane,  which 
alfo  infolds  as  much  of  the  globe  of  the  eye  as  is 
called  the  white,  and  it  prevents  any  dufl:,  or 
other  extraneous  particles,  from  getting  behind 
the  eye  into  the  orbit. 

That  the  eyelids  may  fhut  with  greater  ex acl- 
nefs,  and  not  fall  into  wrinkles  when  they  are 
elevated  or  depreffed,  each  edge  is  ftiffened  by  a 
cartilaginous  arch.  The  eyelafhes,  like  two 
palifadcs  of  fliort  hair,  proceed  from  thefe  carti- 
laginous edges,  warning  the  eye  of  danger,  pro- 
tecting it  from  ftraggling  motes,  and  warding  off 
the  wandering  fly.  They  alfo  intercept  many 
rays  proceeding  from  objeds  that  are  above  the 

axis 
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axis  of  viiion,  and  thereby  render  the  images  of 
other  objj6ls  more  diftind:  and  lively  :  for,  as  in 
the  camera  obfcura,  the  image  is  always  brightcft 
when  no  rays  are  allowed  to  enter,  but  thofe 
which  form  the  pidure.  The  eyelaflies  contribute 
their  fliare  in  giving  beauty  to  the  face,  to  foften 
the  outlines  of  the  eyelids,  and  throw  a  mildnefs 
on  the  features. 

Both  the  eyelids  are  moveable ;  but  the  upper 
one  moftly  fo,  the  lower  one  moving  but  little, 
being  rather  obfequious  to  the  motions  of  the 
other  parts,  than  moved  by  any  particular  forces 
of  it's  own.  The  hairs  of  the  eyelafhes  grow  only 
to  a  certain  length,  and  never  need  cutting :  the 
points  of  the  fuperior  one  are  bent  upwards,  thofe 
of  the  lower  eyelafli  downwards.  Thus  when- 
ever we  can  trace  things  to  their  final  caufe,  we 
find  them  always  marked  with  deiign,  and  can 
find  no  circumfiance  fo  minute,  as  to  efcape  the 
attention  of  the  Suprepae  Being. 

From  what  has  been  faid,  we  may  perceive 
why  the  fight  of  thofe,  whofe  eyelaihes  are  black, 
is,  in  general,  much  ftronger  than  thoft  who 
have  them  fair  or  white  ;  the  black  eyclafhe?  are 
a  better  (hade  for  the  eye,  and  refled  no  light 
from  their  inner  fide,  to  weaken  and  efi^ace  the 
A  4  pidure 
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picture  on  the  retina.  Monaltus  gives  an  accourtt 
of  a  young  man,  w  hofe  eyelaflics  and  eyebrows 
were  of  an  intenfe  white,  and  his  fight  obfcure 
during  the  day,  but  clear  at  night.  This  perfon 
was  taken  prifoner  by  the  Moors,  who  dyed  his 
eyelafhes  black,  by  which  his  fight  was  much 
flrengthened ;  in  courfe  of  lime  the  dye  was 
wafhed  off,  and  the  fight  became  weak  again. 
Dr.  Ruffell,  in  his  natural  hidory  of  Aleppo, 
fays,  that  it  is  a  cuflom  among  the  Turkifli 
women  to  black  the  infide  of  their  eyelids,  not 
only  as  an  ornam.ent^  but  as  a  means  of  ftrength- 
ening  the  fights  When  the  eyelaflies  are  lofl",  a 
fy mptom  which  frequently  follows  a  malignant 
fmalUpox,  the  light  is  always  confiderably  im- 
paired* 

By  {hutting  the  eyelids  partially,  we  can  ex- 
clude as  much  light  as  wepleafe,  and  thus  further 
defend  the  eyes  from  too  ftrong  a  light,  which 
every  one's  experience  proves  to  be  as  injurious  ta 
them,  as  more  grofs  matter.  Numerpus  are  the 
melancholy  indances  on  record,  which  confirm 
this  truth :  Xenophon  relates,  that  rnany  of  his 
troops  were  blinded  by  the  Hrong  reflexion,  of 
light  from  the  fnow  over  which  they  were  obliged 
to  march.  Dionyfius^  the  tyrant  of  Sicily,  among 
Other  means  which  he  ufed  to  gratify  his  revenge, 

and 
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and  fatiate  the  cruelty  of  his  temper,  was  ac- 
cuflQnied  to  bring  forth  his  miferable  captives 
from  the  Jeep  receflcs  of  the  darkeil  dungeons, 
into  white  and  well-lighted  roonns,  that  he  might 
bhnd  them  by  the  fudden  tranfuion  from  one  ex- 
treir.e  to  the  other.  A61uated  by  principles 
equally  cruel,  the  Carthaginians  cut  off  the  eye- 
lids of  Regulus,  and  then  expofed  him  to  the 
bright  rays  of  the  fun,  by  which  he  was  very  foon 
blinded. 

Thefe  fads  make  it  clear  that  a  protuberant 
eye  is  not  fb  well  conditutcd  for  Vifion,  as  one 
that  is  deep  funk  in  the  head  ;  neither  extreme  is 
indeed  defirable,  yet  undoubtedly,  of  the  twOj 
that  which  is  deep  fet  is  preferable,  as  affording 
the  clcareft  fight,  and  being  lead  liable  to  in- 
juries from  external  accidents. 

Thofe  animals  which  have  hard  cruRaceous 
eyes,  as  the  lobder,  crab,  &c.  have  no  eyelids; 
whereas  mofl:  brute  animals  have  an  additional 
one,  called  the  nictitating  membrane,  which 
they  draw  over  their  eyes  like  a  curtain,  to  wipe 
off  whatever  incommodes  it. 


The  velocity  with  which  the  eyelids  move  to 
and  fro  is  fo  great,  that  it  does  not  in  the  lead 

3  impede 
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ifnpede  the  fight.  This  curious  circumdance 
may  be  ilkifirated  by  the  well-known  phse- 
Bomenon  of  a  burning  coal  appearing  like  a  ring 
©f  fire^  when  whirled  round  about  with  rapidity, 
ill  the  circuniference  of  a  circle  :  now  it  is  highly 
probable,  that  the  fcnfation  of  the  coal,  in  the 
leveral  places  of  the  circle,  remains  on  the  mind 
until  it  returns  again  to  the  fame  place.  If, 
therefore,  our  eyelids  take  no  longer  timetopafs 
snd  re-pafs  upon  our  eyes,  than  what  the  coal  of 
lire  takes  to  go  round,  the  impreffion  made  by 
sny  objed  on  the  eye  will  fulfer  no  fenOble  inter-, 
ruption  from  this  motion. 

To  prevent  the  eyelids  adhering  together,  they 
are  fupplied  with  a  row  of  febaceous  glandules, 
which  difcharge  a  foft  liniment,  that  mixes  with, 
and  is  wafhed  off  with  the  tears. 

The  LACHRYMAL  GLAND  IS  placed  in  the 
upper  and  outer  part  of  the  orbit.  It  is  defigned 
to  furnida  at  all  times  water  enough  to  keep  the 
outer  furface  of  the  eye  moif!:,  and  thus  give  the 
cornea  a  greater  degree  of  pellucidity.  In  order 
that  this  liquor  may  be  rightly  difpofed  of,  we 
frequently  clofe  the  eyelids  without  being  con- 
fcious  of  it. 


At 
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At  the  inner  corner  of  the  eye,  between  the 
■eyelids,  ftands  a  caruncle,  whofe  office  feenns  to 
be  to  keep  that  corner  of  the  ey£  fronn  being 
totally  clofed  ;  fo  that  any  tears.  Sec,  may  flow 
from  under  the  eyelids  when  v/e  fleep,  into  the 
PUNCTA  LAC HRYM ALIA,  which  are  little  holes, 
one  in  each  eyelid,  near  the  corner,  for  carrying 
into  the  nofe  any  fuperfluous  tears. 

The  eye  is  furniflied  with  fix  mufcles,  which 
fpread  their  tendons  far  into  the  eye  ;  by  thefe  it 
can  be  moved  upwards  and  downwards  to  either 
fide,  and  in  every  intermediate  direction,  and 
thus  view  furrounding  objedls  without  moving 
the  head ;  to  facilitate  thefe  morions,  a  great 
quantity  of  loofe  fat  is  placed  all  round  the  globe 
of  the  eye,  between  it  and  the  orbit.  Four  of 
-the  mufcles  are  ftrait,  and  two  oblique;  of  the 
ftrait  mufcles,  two  are  fituated  vertically  oppofite 
one  another,  and  the  other  two  horizontally. 
Each  of  the  fix  has  a  proper  name,  according  to 
it's  fituation  and  office-  I  cannot  pafs  over  the 
mufcles,  without  taking  notice  of  a  ftriking  in- 
flance  of  defign  in  the  wife  difpofition  of  the 
parts.  It  is  fometlmes  necefiary  to  have  an  ob- 
lique motion  of  the  eye,  towards  the  nofe,  and 
there  being  no  room  on  that  fide  for  mufcles,  a 

fmall 
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fmall  bone  is  placed  on  the  fide  of  the  nofe,  with 
^  hole  in  if,  to  ferve  as  a  puliev,  through  whict^ 
thetendonofarnufclepalTes  to  a  convenient  in- 
fertion,  and  thereby  fuch  an  oblique  motion  is 
given  ro  the  eye,  as  would  othcrwife  have  been 
impofiible. 

The  eyes  are  placed  in  the  moR  eininent  part 
of  the  body,  near  the  brain,  the  feat  of  fenfatioq. 
From  their  elevated  fituation,  our  profpedis  en- 
larged, and  the  number  of  objeds,  taken  in  at 
one  view,  increafed ;  we  connmand  an  ampip 
horizon  on  earthy  and  a  glorious  hemifphere  of 
the  heavens. 

Every  part  of  the  human  frame  affords  indif- 
putable  proofs  of  the  wifdom  and  beneficence  of 
it's  Creator,  becaufe  all  are  adapted  to  anfwer  in 
the  beft  manner  the  end  for  which  they  were 
formed.  Thus  the  globular  figure  of  the  eye  is 
the  moft  commodious  that  we  can  form  any  idea 
of,  the  befl:  adapted  for  facilitating  the  various 
motions  of  the  eye,  for  containing  the  humours 
within,  and  receiving  the  images  from  without. 

Many  are  the  advantages  that  are  derived  from 
our  having  two  eyes,  fome  that  are  known,  others 
that  are  unknown ;  for  the  correfpondence  of  the 

double 
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double  parts  in  the  human  frame,  and  their  rela- 
tion to  fhe  I  wo  great  faculties  of  the  human 
mind,  has  not  been  fufficiently  attended  to  by 
anatomifts.  By  having  two  eyes,  the  fight  is 
rendered  ftronger,  and  the  vifion  more  perfedl ; 
for  as  each  eye  looks  upon  the  famiC  cbjedl,  a 
rnore  forcible  impieflion  is  made,  and  a  livelier 
conception  formed  by  the  mind. 

The  eyes  together  view  an  objcdl  in  a  different 
fituation  from  what  either  of  them  apart  would 
do,  and  enable  us  to  perceive  fmall  diftances 
accurately.  Hence  we  find,  that  thofe  who  have 
loft  the  fight  of  one  eye,  are  apt  to  make  miftakes 
in  the  diftances  of  objects,  even  within  arm's 
length,  that  are  eafily  avoided  by  thofe  who  fee 
w^ith  both  eyes.  Such  mifiakes  arc  principally 
feen  in  fnuffing  a  candle,  threading  a  needle,  or 
in  filling  a  tea-cup.  This  aptnefs  to  misjudge 
diftances  and  fituations  is,  however,  gradually 
diminiOied  by  lime  and  pradlice. 

When  an  objedl  is  placed  at  a  moderate 
diftance,  we  fee  more  of  it  by  means  of  the  two 
eyes,  than  we  polTiDly  could  with  one  ;  the  right 
eye  feeing  more  of  the  right  fide,  and  the  left  eye 
more  pf  it's  ccrrefponding  fide.  Thus  by  both 
eyes  we  fee  in  fome  meafure  round  an  objed : 

and 
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and  it  is  this  which  afiifts  in  giving  that  bold 
relievo,  which  we  fee  in  nature,  and  which  no 
painting,  how  exquiiite  foever,  can  attain  to. 
The  painter  mud  be  contented  with  (hading  on  a 
fiat  furface ;  but  the  eyes,  in  obferving  natural 
objecls,  perceive  not  only  the  fhading,  but  a 
part  of  the  figure  that  lies  behind  thofe  very 
fhadings.  The  perception  Vve  have  of  didance 
with  one  eye,  as  was  jufi:  now  obferved,  is  more 
uncertain,  and  more  liable  to  deception,  than 
that  which  we  have  by  both ;  therefore,  if  the 
fbading  and  relief  be  executed  in  the  beft  manner, 
the  pi(fture  may  have  almofc  the  fame  appearance 
to  one  eye  as  the  objedls  themfelves  would  have, 
but  it  cannot  have  the  fame  appearance  to  both. 
This  is  not  the  fault  of  the  artifl:,  but  an  imper^ 
fedlion  in  the  art.  To  remove  thefe  defeds,  the 
connoiffeurs  in  painting  look  at  a  picture  with  one 
eye  through  a  tube,  which  excludes  the  view  of  all 
other  objecls.  If  the  aperture  in  the  tube  next 
the  eye  be  fmall,  we  have  no  means  left  to  judge 
of  the  diftance  but  the  light  and  colour,  which 
are  in  the  painter's  power.* 

An  objedl  feen  with  both  eyes,  appears  a  little 
brighter,  or  more  luminous,  than  it  does  when 

fcen 

*  Reid's  Inquiry  into  the  Human  Mind, 


ESSAY    ON    VISION.  IJ 

feen  with  one  alone,  as  will  b-e  evident  by  look- 
ing alternately  with  both  eyes  and  with  one  only: 
and  thcdifierence  of  brightnefs  will  be  ftill  more 
manifeii,  if  at  the  fame  time  that  a  part  of  a  flat 
objed,  of  an  uniform  colour,  is  feen  with  both 
eyes,  the  light  from  the  adjacent  part  is  excluded 
from  one  of  them  ;  which  may  be  done,  by  ap- 
plying a  book  to  one  fide  of  the  head,  fo  that  it 
may  reach  a  little  forwarder  than  the  face.  But 
although  the  difference  of  brightnefs,  in  the  two 
cafes,  is  very  perceptible,  yet  is  it  not  very  con- 
fiderable,  nor  is  iteafy  to  determine  it  accurately. 
Dr.  Jurin,  by  a  variety  of  experiments,  con- 
cluded, that  an  objedl  feen  with  both  his  eyes, 
appeared  only  one  thirteenth  part  brighter,  than 
when  feen  with  one  alone. 

Our  eyes  have  an  uniform  or  parallel  motion, 
by  which,  when  one  eye  is  turned  to  the  right  or 
left,  upwards  or  downwards,  or  flrait  forwards^ 
the  other  always  goes  along  with  it  in  the  fame 
diredion.  When  both  eyes  are  open,  we  find 
them  always  turned  the  fame  vi^ay,  as  if  both 
were  adled  upon  by  the  fame  m.otive  force.  This 
phj3enomenon  is  the  more  lingular,  as  the  muf- 
clcs  which  move  the  two  eyes,  and  the  nerves 
which  ferve  thefe  mufcles,  are  entirely  diftin£i 
and  unconaeded. 

To 
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To  account  for  and  explain  the  caufe  of  this 
motion,  has  puzzled  the  phifofopher,  and  em- 
barrafled  the  anatomifl: :  that  it  originates  from 
the  grand  moving  principle,  or  generating  caufe 
within  us,  the  mind,  there  can  be  little  doubt  j 
but  how  the  mind  operates,  to  produce  thiselfedt, 
^e  are  altogether  ignorant.  Some  effectual  pur- 
pofes  are  no  doubt  anfvvered  by  this  motion,  for 
nothing  is  created  in  vain.  One  is  fuppofed  to 
be  that  of  feeing  objeds  fingle  that  are  viewed 
with  both  eyes ;  for  there  are  two  pidtures  formed 
of  every  objecl,  one  in  each  eye.  Hence,  if 
any  of  the  mufcles  of  one  eye,  either  from  fpafm, 
paralyfis,  or  any  other  caufe,  is  retrained  from 
following  the  motion  of  the  other,  every  objed: 
will  be  feen  double.  The  fame  effed:  is  produced, 
if  while  we  are  looking  at  any  objed,  we  alter  the 
diredlion  of  one  of  our  eyes,  by  preffing  it  alide 
with  the  finger ;  an  experiment  frequently  made 
by  children,  who  are  generally  delighted  with  any 
uncommon  appearance. 

"Whatever  may  be  the  caufe,  the  fad  is  certain, 
that  the  objed  is  not  multiplied  as  well  as  the 
organ,  and  appears  but  one,  though  feen  with 
two  eyes ;  another  inftance  of  the  fkill  of  the 
contriver  of  this  noble  organ,  and  the  exquilite 
art  he  employed  in  the  formation  of  it. 

Having 
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Having  confidered  the  principal  external  parts 
of  the  eye,  and  fhevvn  that  they  are  framed  to 
protea  this  delicate  organ,  with  a  care  ftridly 
proportioned  to  it's  curious  texture  and  extenfive 
ufefulnefs,  that  it  is  fortified  with  ftrong  bones, 
lodged  in  a  deep  receptacle,  and  guarded  with  a 
moveable  cover ;  we  now  proceed  to  treat  of  the 
internal  parts,  or  thofe  which  conftitute  the  globe 
of  the  eye. 

Of  the  Globe  of  the  Eye. 

"  If  the  conftrudlion  of  the  univerfe  were  not 
fo  evident  a  proof  of  the  exiftence  of  a  fupremely 
wife  and  benevolent  Creator,  as  to  render  par- 
ticular arguments  unneceffary,  the  ftrudlure  of 
the  eye  might  be  offered  as  one,  by  no  means 
the  leaft  ;  this  inflance,  among  numberlefs  ethers, 
demonftrating  that  the  beft  performances  of  art 
are  infinitely  fhort  of  thofe  which  are  continually 
produced  by  the  Divine  Mechanic.'* 

The  globe  of  the  eye,  or  the  organ  of  fight, 
may  be  defined  in  general  as  a  kind  of  cafe,  con- 
fifting  of  feveral  coats,  containing  three  pellucid 
humours,  which  are  fo  adjufted,  that  the  rays 
proceeding  from  luminous  objeds,  and  admitted 
at  a  hole  in  the  fore  part  of  the  eye,  are  brought 

B  to 
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to  a  focus  upon  the  back  part  of  it,  where  they 
fall  upon  a  fofc  pulpy  fubftance,  from  whence 
the  mind  receives  it's  intelUgence  of  vifible  ob- 

je£ls. 

It  is  not  to  be  expeded,  that  any  account 
given  of  the  eye  can  be  altogether  accurate ;  for 
as  it  is  impofiible  to  examine  all  the  parts 
of  the  eye  whilft  in  a  natural  and  living 
ftate,  fo  it  is  alfo  nearly  impoflible,  when  it  is 
taken  out  of  it's  focket,  to  preferve  the  figure  of 
the  parts  entire  ;  a  circumftance  which  accounts 
for  the  difagreement  we  find  among  anatomifts. 

Of  the  Coats  of  the  Eye. 

The  eye  is  compofed  externally  of  three  coats, 
or  teguments,  one  covering  the  other,  and  form- 
ing a  ball  perfecftly  globular,  except  at  the  fore 
part,  which  is  a  little  more  protuberant  than  the 
reft ;  within  this  ball  are  three  different  fub- 
ftances,  called  humours. 

The  firft,  or  outer  coat,  is  called  the  scle- 
rotica; the  ftcond,  or  middle  one,  is  called  the 
cHOROiDES;   the  interior  one  is  named  the 

RETINA. 
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Sclerotica.  Cornea. 

The  exterior  membrane,  which  inclofes  and 
covers  the  whole  eye,  is  called  the  fclerotica  and 
cornea ;  it  is,  however,  ftridlly  fpeaking,  but 
one  and  the  fame  membrane,  with  different 
names  appropriated  to  different  parts  :  the  hinder 
and  opake  part  being  more  generally  denominated 
the  fclerotica,  the  fore  and  tranfparent  part  the 
cornea. 

The  fclerotica  is  hard,  elaftic,  of  a  white 
colour,  refembling  a  kind  of  parchment ;  the 
hinder  part  is  very  thick  and  opake,  but  it  grows 
gradually  thinner  as  it  advances  towards  the  part 
where  the  white  of  the  eye  terminates.  The  fore 
part  is  thinner,  and  tranfparent ;  it  is  alfo  more 
protuberant  and  convex  than  the  reft  of  the  eye, 
appearing  like  a  fegment  of  a  fmall  fphere  applied 
to  a  larger.  This  membrane  is  compofed  of 
feveral  plates,  laid  one  over  the  other,  replenifhed 
with  a  clear  water,  and  pellucid  veffels ;  thefe 
plates  are  more  evidendy  diftind  in  the  fore  than 
the  hinder  part. 

Choroides.    Uvea,  Iris, 

Under  the  fclerotica  is  a  membrane,  known  by 
the  name  of  the  choroides ;  it  is  a  foft  and  tender 
B  2  coat. 
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coat,  compofed  of  innumerable  veflels  ;  it  is  con- 
centric to  the  fclerotica,  and  adheres  clofely  to  it 
by  a  cellular  fubflance,  and  many  veflels.  This 
membrane  is  outwardly  of  a  brown  colour,  but 
inw^ardly  of  a  more  ruflet  brown,  almoil:  black. 
Like  the  fglerotica,  it  is  diftinguifhed  by  two 
different  names,  the  fore  part  being  called  the 
UVEA,  while  the  hinder  part  retains  the  name  of 
the  choroides. 

The  fore  part  commences  at  the  place  where 
the  cornea  begins;  it  here  attaches  itfelf  more 
ftrongly  to  the  fclerotica  by  a  cellular  fubftance^ 
forming  a  kind  of  white  narrow  circular  rim  : 
the  choroides  feparates  at  this  place  from  the 
fclerotica,  changes  it's  direction,  turning,  or 
rather  folding,  diredly  inwards,  towards  the  axis 
of  the  eye,  cutting  the  eye  as  it  were  tranfverfely  : 
in  the  middle  of  this  part  is  a  round  hole,  calledl 
the  pupil,  or  fight  of  the  eye. 

This  part,  when  it  has  changed  it's  diredlion, 
is  no  longer  called  the  choroides ;  but  the  anterior 
furface,  which  is  of  different  colours,  indifferent 
fubjeds,  is  called  the  iris  ;  the  poflerior  furface 
is  called  the  uvea,  from  the  black  colour  with 
which  it  is  painted.  The  iris  has  a  fmooth  velvet- 
like appearance,  and  feems  to  confift  of  fmall 

filaments 
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filaments  regularly  difpofed,  and  diredcd  towards 
the  center  of  the  pupil. 

The  eye  is  denominated  blue,  black,  &c.  ac- 
tording  to  the  colour  of  the  iris.  The  more 
general  colours  are  the  hazel  and  the  blue,  and 
very  often  both  thefe  colours  are  found  in  the 
fame  eye.  It  has  been  obfcrved,  that  in  general 
thofe,  whofe  hair  and  complexion  are  light- 
coloured,  have  the  iris  blue  or  grey  ;  and  on  the 
contrary,  thofe  whofe  hair  and  complexion  are 
dark,  have  the  iris  of  a  deep  brown  :  whether 
this  occalions  any  difference  in  the  fenfe  of  vifion, 
is  not  difcoverable.  Thofe  eyes  which  are  called 
black,  when  narrowly  infpeded,  are  only  of  a 
dark  hazel  colour,  appearing  black,  becaufethey 
are  contrafled  with  the  white  of  the  eye.  "  The 
black  and  the  blue  are  the  mod  beautiful  colours, 
and  give  moft  fire  and  vivacity  of  expreffion  to  the 
eye.  In  black  eyes  there  is  more  force  and  im- 
petuofity ;  but  the  blue  excel  in  fweetnefs  and 
delicacy." 

The  pupil  of  the  eye  has  no  determinate  fize, 
being  greater  or  fmaller,  according  to  the  quan- 
tity of  light  that  falls  upon  the  eye.  When  the 
light  is  ftrong,  or  the  vifual  objedl  too  luminous, 
we  contrad  the  pupil,  in  order  to  intercept  a  part 
B  3  of 
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of  the  light,  which  would^  otherwife  hurt  or 
dazzle  our  eyes ;  but  when  the  light  is  weak,  we 
enlarge  the  pupil,  that  a  greater  quantity  may 
enter  the  eye,  and  thus  make  a  flronger  im- 
predion  upon  it.  This  aperture  dilates  alfo  for 
viewing  diftant  obje6ls,  and  becomes  narrower 
for  fuch  as  are  near.  The  contradion  of  the 
pupil  is  a  ftate  of  violence,  effedled  by  an  exertion 
of  the  will :  the  dilatation  is  a  remiflion  of  power, 
or  rather  an  intermiflion  of  volition. 

Anatom.ifts  are  not  agreed,  whether  the  iris  be 
compofed  of  two  fets  of  fibres,  the  orbicular  and 
radial,  or  of  either.  Haller  fays,  he  could  never 
difcover  the  orbicular  fibres,  even  with  a  mi- 
crofcope ;  the  radial  feem  vifible  to  the  naked 
eye,  and  are  fufficient  to  anfwer  all  the  purpofes 
required  in  the  motion  of  the  iris. 

In  children  this  aperture  is  more  dilated  than 
in  grown  perfons.  In  elderly  people  it  is  flill 
fmaller  than  in  adults,  and  has  but  little  motion  ; 
hence  it  is,  that  thofe  who  begin  to  want  fpeda- 
cles,  are  obliged  to  hold  the  candle  between  the 
eye  and  the  paper  they  read,  that  the  ftrong  light 
of  the  candle  may  force  their  rigid  pupils  into 
fuch  a  ftate  of  contraction,  as  will  enable  them  to 
fee'diftindly.    Thofe  who  are  fhort-figbted,  have 
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the  pupils  of  their  eyes,  in  general,  very  large ; 
whereas  in  thofe  whofc  eyes  are  perfed,  or  long-, 
fighted,  they  are  much  fmaller. 

The  whole  of  the  choroides  is  opake,  by  which 
means  no  light  is  allowed  to  enter  into  the  eye, 
but  what  palTes  through  the  pupil.  To  render 
this  opacity  more  perfed,  and  the  chamber  of 
the  eye  ftili  darker,  this  membrane  is  covered  all 
•over  with  a  black  mucus,  called  the  pigmentum 
nigrum.  This  pigment  is  thinneft  upon  the  con- 
cave fide  of  the  choroides,  near  the  retina,  and 
•on  the  fore  iide  of  the  iris ;  but  is  thickeft  on 
the  exterior  fide  of  the  choroides,  and  the  inner 
fide  of  the  uvea.  The  thicknefs  of  this  pigment 
diminilhes  with  age. 

The  circular  edge  of  the  choroides,  at  that 
part  where  it  folds  inwards  to  form  the  uvea, 
leems  to  be  of  a  different  fubfbance  from  the  reft 
of  the  membrane,  being  much  harder,  more 
denfe,  and  of  a  white  colour ;  it  has  been  called 
by  fome  writers  the  ciliary  circle,  becaufe  the 
Jigamentum  ciliare  (of  which  we  fhall  foon  fpeak) 
arifes  from  it. 


Retina, 
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Retina. 

The  third  and  lafl;  membrane  of  the  eye  in 
called  the  retina,  becaufe  it  is  fpread  like  a  nes; 
over  the  bottom  of  the  eye.  It  is  the  thinned  and 
lead  folid  of  the  three  coats,  a  fine  expaniion  of 
the  medullary  part  of  the  optic  nerve.  The  con- 
vex fide  of  it  lines  the  choroides,  the  concave 
fide  covers  the  furface  of  the  vitreous  humour, 
terminating  where  the  choroides  folds  inwards. 
It  is  an  eflential  organ  of  vifion ;  on  it  the  images 
of  objects  are  reprefented,  and  their  pidure 
formed.  This  membrane  is  faid  to  be  quite  black 
in  infants,  not  fo  black  at  the  age  of  twenty,  of  a 
greyiOi  colour  about  the  thirtieth  year,  and  in 
very  old  age  almoft  white. 

Optic  Nerve. 

Behind  all  the  coats  is  fituated  the  optic  nerve, 
which  pafTes  out  of  the  fcull,  through  a  fmall 
hole  in  the  bottom  of  the  orbit  which  contains  the 
eye.  It  enters  the  orbit  a  little  inflected,  of  a 
figure  fomewhat  round,  but  comprefled,  and  is 
inferted  into  the  globe  of  the  eye,  not  in  the 
middle,  but  a  little  nearer  to  the  nofe  ;  an  artery 
runs  through  the  optic  nerve,  goes  ftrait  through 
the  vitreous  humour,  and  fp reads  itfelf  on  the 

a  membrane 
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membrane  that  covers  the  backfide  of  the  cryf- 
rallinc. 

Monf.  Mariotte  has  demondrated,  that  our 
eyes  are  infenfible  at  the  place  where  the  optic 
nerve  enters :  if,  therefore,  this  nerve  had  been 
fituated  in  the  optical  axis  of  the  eye  itfelf,  then 
the  middle  part  of  every  objed:  would  have  been 
invilible,  and  where  all  things  contribute  to  make 
us  fee  beft,  we  fhould  not  have  feen  at  all ;  but 
they  are  wifely  placed  by  the  divine  artift  for  this 
and  other  advantageous  purpofes,  not  in  the  mid- 
dle, but,  as  we  have  already  obferved,  a  Uttle 
nearer  to  the  nofe. 

Of  the  Humours  of  the  Eye.' 

The  coats  of  the  eye,  which  invefl:  and  fupporr 
each  other,  after  the  manner  of  an  onion,  or 
other  bulbous  root,  include  it's  humours,  by 
which  name  are  underflood  three  fubflances,  the 
one  a  fohd,  the  other  a  foft  body,  and  the  third 
truly  a  liquor.  Thefe  fubftances  are  of  fuch 
forms  and  tranfparency,  as  not  only  to  tranfmit 
readily  the  rays  of  light,  but  alfo  to  give  them  the 
pofition  beft  adapted  for  the  purpofes  of  vifion. 
They  are  clear  like  water,  and  do  not  tinge  the 
objecl  with  any  particular  colour. 

Aqi'eous 
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Aqueous  Humour. 

The  moft  fluid  of  the  three  humours  is  called 
the  aqueous  one  ;  it  is  thin  and  clear  like  water^ 
though  fomewhat  more  fpirituous  and  vifcuous ; 
it's  quantity  is  fo  conliderable,  that  it  fwells  out 
the  fore  part  of  the  eye  into  a  protuberance  very 
favourable  to  viiion.  The  uvea  fwims  in  this 
iuid.  It  covers  the  fore  part  of  the  cryftalline ; 
that  part  of  this  humour  which  lies  before  the 
uvea,  communicates  with  that  which  is  behind, 
by  the  hole  which  forms  the  pupil  of  the  eye.  It 
Is  included  in  a  membrane,  fo  tender,  that  it 
cannot  be  made  vifible,  nor  preferved,  without 
the  moft  concentrated  iixivial  fluids 

It  has  not  been  clearly  afcertained  whence  this 
humour  is  derived  ;  but  it's  fource  muft  be  plen- 
tiful :  for  if  the  coat  containing  it  be  fo  woundedj, 
that  all  the  humour  runs  out,  and  the  eye  be  kept 
clofed  for  a  fcafon,  the  Vvound  will  heal,  and  the 
iuid  be  recruited* 

The  colour  and  conliflence  of  this  humour 
alters  with  age  ;  it  becomes  thicker,  cloudy,  and 
iefstranfparent,  as  we  advance  in  years,  which  is 
one  reafon,  among  others,  why  many  elderly 

people 
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people  do  not  reap  all  that  benefit  from  fpetflacles 
which  they  might  naturally  expect. 

Crystalline, 

The  fecond  humour  of  the  eye  is  the  cryftallinCi 
which  is  as  tranfparent  as  the  pureft  cryltal ;  and 
though  lefs  in  quantity  than  the  aqueous  humour, 
yet  it  is  of  equal  weight,  being  of  a  more  denfe 
and  folid  nature ;  in  confiflency  it  is  fomewhat 
iike  a  hard  jelly,  growing  fofcer  from  the  middle 
outwards.  It  s  form  is  that  of  a  double  convex 
lens,  of  unequal  convexities,  the  mod  convex 
part  being  received  into  an  equal  concavity  in 
the  vitreous  humour* 

The  cryftalline  is  contained  in  a  kind  of  cafe* 
or  capfule,  the  fore  part  of  which  is  very  thick 
and  elaflic,  the  hinder  part  is  thinner  and  fofter* 
This  capfule  is  fufpended  in  it's  place  by  a  mufcle 
called  ligamentum  ciliare,  which,  together  with 
the  cryftalline,  divides  the  globe  of  the  eye  into 
two  unequal  portions ;  the  firft  and  fmaller  one 
contains  the  aqueous  humiOur,  the  hinder  and 
larger  part  the  vitreous  humour. 

The  cryftalline  is  placed  fo,  that  it*s  axis  cof* 
refponds  with  that  of  the  pupil^and  confequently 

it 
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it  is  riot  exactly  in  the  circular  fegment  of  the  eye^ 
but  fomewhat  nearer  the  nofe.  It  is  formed  of 
concentric  plates  or  fcales,  fucceeding  each  other^ 
and  thefe  fcales  are  formed  of  fibres  elegantly 
figured,  and  wound  up  in  a  flupendous  manner } 
rhefe  are  connecT:ed  by  cellular  fibres,  fo  as  to  f6rm 
a  tender  cellular  texture.  Between  thefe  fcales  is 
a  pellucid  liquor,  which  in  old  age  becomes  of  a 
yellow  colour.  The  innermoft  fcales  lie  clofer 
together,  and  form  at  laft  a  fort  of  nucleus,  harder 
than  the  reft  of  the  lens.  The  cryftalline  has  no 
vifible  communication  with  it's  capfule,  fo  that 
when  this  is  opened,  it  readily  (lips  out :  fome 
fay,  that  a  fmall  quantity  of  water  is  effufed  round 
it.  Leeuwenhoeck  has  cor»puted  that  there  arc 
near  two  thoufand  laminae,  or  fcales,  in  one 
cryftalline,  and  that  each  of  thefe  is  made  up  of 
a  fingle  fibre,  or  fine  thread,  running  this  way 
and  that,  in  feveral  courfes,  and  meeting  in  as 
many  centers,  and  yet  not  interfering  with,  or 
eroding  each  other. 

The  yellow  colour  wherewith  the  crydaliine  is 
more  and  more  tinged  as  we  advance  in  years, 
muft  make  all  objeds  appear  more  and  more 
tinged  with  that  colour :  nor  does  our  being  in^ 
fenfible  of  any  change  in  the  colour  of  objedls, 
prove  to  us  that  their  colour  continues  the  fame  i 

for 
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for  in  order  that  we  fhould  be  fenfible  of  this 
change,  the  tincture  muft  not  only  be  confiderable, 
but  it  muft  happen  on  a  fudden,  as  will  be  more 
fully  explained  hereafter. 

Vitreous  Humour. 

The  vitreous  is  the  third  humour  of  the  eye  j 
it  receives  it's  name  from  it's  appearance,  which 
is  like  that  of  melted  glafs.  It  is  neither  fo  hard 
as  the  cryftalline,  nor  fo  liquid  as  the  aqueous 
humour ;  it  fills  the  greater  part  of  the  eye,  ex- 
tending from  the  infertion  of  the  optic  nerve  to 
the  cryftalline  humour.  It  fupports  the  retina, 
and  keeps  it  at  a  proper  diftance  for  receiving  and 
forming  diflinft  images  of  obje61:s. 

The  vitreous  humour  is  contained  in  a  very- 
thin  pellucid  membrane,  the  fore  part  is  concave, 
to  receive  thecryftalline,  at  this  place ;  it  divides 
into  two  membranes,  the  one  covering  the  cavity 
in  which  the  cryftalline  lies,  the  other  paffing 
above,  and  covering  the  fore  part  of  the  cryftaU 
line,  thus  forming  a  kind  of  fheath  for  the 
cryftalline.  The  fabric  of  the  vitreous  humour  is 
cellular,  the  fubftance  of  it  being  divided  by  a 
very  fine  tranfpareut  membrane  into  cellules,  or 

little 
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little  membranous  compartments,  containing  a 
^ery  tranfparent  liquor. 

LiGAMENTUM  CrLIARE. 

There  is  ftill  one  part  to  be  defcribed,  which^ 
though  very  delicate  and  fmall,  is  of  great  im- 
portance; it  is  called  the  ligamentuip  ciliare, 
beeaufe  it  is  compofed  of  fmall  filaments,  or  fibres^ 
not  unlike  the  cilia,  or  eyelafhes  ;  thefe  fibres 
arife  from  the  infide  of  the  choroides,  all  round 
|he  circular  edge,  where  it  joins  the  uvea  ;  from 
"whence  they  run  upon  the  fore  part  of  the  vitreous 
liumour,  at  that  place  where  it  divides  to  cover 
the  cryftalline  ;  thafe  fibres  are  at  feme  diftance 
from  one  another,  but  the  interftices  arc  filled  up 
with  a  dark-coloured  mucus,  giving  it  the  ap- 
pearance of  a  black  membrane. 

Figure  I,  reprefents  a  fedtion  of  the  eye 
through  the  middle,  by  an  horizontal  plane  paffing 
through  both  eyes ;  the  diameter  of  the  figure  is 
about  twice  the  diameter  of  the  human  eye. 

The  outermofi  coat,  which  is  called  fcleroiica, 
is  reprefented  by  the  fpace  between  the  two  exte- 
rior circles  B  F  B ;   the  more  globular  part, 
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reprefented  by  the  fpace  between  the  two  circles 
at  BAB,  is  the  cornea. 

The  next  coat,  reprefented  by  the  two  inner- 
moft  circles  of  B  F  B,  is  the  choroides. 

Adjoining  to  the  choroides,  at  BE,  is  a  fla| 
membrane,  called  the  uvea,  a  a  is  the  pupilj> 
being  a  fmall  hole  in  the  uvea. 

V  the  optic  nerve ;  the  fibres  of  this  nerve, 
after  their  entrance  into  the  eye,  fpread  them- 
felves  over  the  choroides,  forming  a  thin  mem- 
brane, called  the  retina,  and  is  reprefented  in  the 
figure  by  the  thick  lhade  contiguous  to  the  circle 
BFB. 

E  E  is  the  cryflalline  humour ;  it  is  fulpendedl 
by  a  mufcle  B  b  b  B,  called  the  ligamentum 
ciliare. 

The  aqueous  humour  occupies  the  fpace 
BABbCb. 

The  larger  fpace  B  b  D  b  B  F  contains  the 
vitreous  humour. 


The 
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The  foregoing  defcription,  we  prefume,  will 
be  found  fufficient  to  give  the  reader  a  general 
idea  of  the  conftrudlion  of  this  wonderful  organ  : 
for  a  fuller  account  we  muft  refer  him  to  the 
writers  on  anatomy.  Enough  has  been  exhibited 
to  Ihew  with  what  art  and  wifdom  the  eye  has 
been  conftrudled.  "  And  he  muR  be  very  ig- 
norant of  it's  ftrudlure,  or  have  a  very  ft  range 
caft  of  underftanding,  who  can  ferioufly  doubt, 
whether  or  not  the  rays  of  light  and  the  eye  were 
made  for  one  another,  with  cpnfumnaate  wifdom, 
and  perfedl  Ikill  in  optics/* 

*'  If  we  fliould  fuppofe  an  order  of  beings  en- 
dued with  every  human  faculty  but  that  of  fight, 
how  incredible  would  it  appear  to  fuch  beings, 
accuftomed  only  to  the  flow  information  of  touch, 
that,  by  the  addition  of  an  organ,  confifling  of 
a  ball  and  focket  of  an  inch  diameter,  they  might 
be  enabled,  in  an  inftant  of  time,  without  chang- 
ing their  place,  to  perceive  the  difpofition  of  a 
whole  army,  the  order  of  a  battle,  the  figure  of  a 
iiiagnilicent  palace,  or  all  the  variety  of  a  beau^ 
tiful  landfcape  ?  If  a  man  were,  by  feeling,  to 
find  out  the  figure  of  the  Peak  of  Teneriffe,  or 
even  of  St.  Peter's  church  at  Rome,  it  would  be 
the  work  of  a  lifc-time. 
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It  would  appear  ftill  more  incredible  to  fuch 
beings  as  we  have  fuppofed,  if  they  were  informed 
of  the  difcoveries  which  may  be  made  by  this  little 
organ,  in  things  far  beyond  the  reach  of  any  other 
fenfe-  That,  by  means  of  it,  we  can  find  our 
way  on  the  pathlefs  ocean,  traverfe  the  globe  of 
the  earth,  determine  it's  fize  and  figure,  meafure 
the  planetary  orbs,  and  make  difcoveries  in  the 
fphere  of  the  fixed  fiars. 

Would  it  not  appear  ftill  more  afionifhing  to 
thefe  beings,  if  they  fhould  be  farther  informed, 
that  by  means  of  this  organ  we  can  perceive  the 
tempers  and  difpofitions,  the  affections  and 
paffions,  of  our  fellow-creatures,  even  when  they 
Want  mod  to  conceal  them  ?  that  by  this  organ 
we  can  often  perceive  what  is  ftrait  and  crooked, 
in  the  mind  as  well  as  the  body :  that  it  partici- 
pates of  every  mental  emotion,  the  fofteft  and 
mofl:  tender,  as  well  as  the  moft  violent  and  tu- 
multuous :  that  it  exhibits  thefe  emiotions  with 
force,  and  infufes  into  the  foul  of  the  fpedlator 
the  fire  and  the  agitation  of  that  mind  in  which 
they  originate  ?  To  many  myfterious  things  muft 
blind  man  give  credit,  if  he  will  believe  the  re- 
lations of  thofe  that  fee  I  his  faith  muft  exceed 
that  which  the  poor  fceptic  derides  as  impofiible, 
or  condemns  as  abfurd, 

C  -  It 
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"  It  is  not,  therefore,  without  reafon,  that  the 
faculty  of  feeing  is  looked  upon  as  more  noble 
than  the  other  fenfes,  as  having  fomething  in  it 
fupcrior  to  fenfation,  as  the  fenfe  of  the  under- 
ftanding,  the  language  of  intelligence.  The 
evidence  of  reafon  is  called  seeing,  not  feeling, 
fmelling,  tailing  ;  nay,  we  exprefs  the  manner 
of  the  divine  knowledge  by  seeing,  as  that  kind 
of  knowledge  which  is  moft  perfed  in  ourfelves.*** 


*  Reid's  Inquiry  into  the  Human  Mind* 


^^^^ 
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Of  the  Nature  and  Properties  of  Light, 
AND  OF  Vision. 

BEFORE  we  can  attain  any  fatisfac%ry 
knowledge  of  the  natufe  of  vifion,  it  will 
be  neceflary  to  point  out  fome  of  the  properties 
of  light.  There  is  no  part  of  the  inanimate 
creation  more  wonderful  and  aftonifhing  than  the 
rays  of  light,  and  the  phaenomena  occafioned  by 
them  :  the  knowledge  of  thefe  properties,  and 
^he  nature  of  vifion,  is  with  propriety  reckoned 
as  one  of  the  moll:  important  articles  of  natural 
knowledge :  it  conftitutes  the  fcience  of  optics, 
on  whofe  utility  and  excellence  it  would  be  need- 
lefs  to  expatiate,  ^fter  obferving,  iKu  to  this 
fcience  we  owe  the  invention  of  thofe  optical  ma- 
chines, which  correcft  the  imperfeftions  of  fight, 
and  increafe  it's  natural  pov\ers;  making  us 
acquainted  with  beings  whofe  minutenefs  renders 
them  imperceptible,  and  bringing  to  hand  ob- 
jeds,  whofe  remote  fituation  affords  to  the  eye 
either  no  information,  or  fuch  as  is  imperfeft  and 
erroneous. 

The  rays  of  light  are  of  fuch  extreme  minute- 
nefs, as  to  pervade  with  facility  bodies  of  the 
C  2  cloftit 
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clofeft  texture,  and  greateft  denfity :  their  ve- 
locity is  fo  great,  that  if  the  particles  of  light 
were  equal  in  mafs  to  the  one-millionth  part  of  a 
grain  of  fand,  we  (hould  no  more  be  able  to  endure 
their  impulfe,  than  that  of  fand  fhot  point-blank 
from  a  cannon.  The  rays  crofs  each  other  in  all 
diredions,  without  the  leaft  difturbance;  for 
through  a  hole,  not  exceeding  one- hundredth  part 
of  an  inch  in  diameter,  we  can  eafily  view  the 
objedls,  which  occupy  almoft  an  entire  hemi- 
fphere;  the  light  proceeding  from  all  thefe 
objedls  mull,  therefore,  pafs  at  the  fame  time 
through  the  hole  in  a  great  variety  of  directions,, 
before  they  arrive  at  the  eye,  and  that  without 
interfering  wiih  each  other,  and  preventing  the 
fight  of  the  objeBs.  How  exquifitely  minute 
muft  thefe  particles  be,  that  myriads  of  them  can 
move  promifcuoufly  all  manner  of  ways,  without 
impinging  one  another.  That  light  moves  with 
greater  velocity  than  found,  is  known  to  every 
one;  becaufe  the  fiafli  of  a  gun,  fired  at  a  con- 
fiderable  diftance,  will  be  feen  feme  time  before 
the  found  is  heard  ;  but  found  is  known  to  move 
at  the  rate  of  11 42  feet  in  a  fecond  of  time,  h 
was  referved,  however,  to  modern  aflronomers,  to 
difcover  with  exadlnefs  the  velocity  of  light ;  and 
from  their,  obfervations  it  appears,  that  it  palTcs 
through  about  one  hundred  and  feventf  thoufand 
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geographical  miles  in  a  fecond  of  our  time. 
Milton  invokes  light  in  the  following  fublirae 


manner. 


"  Hail,  holy  light,  offspring  of  heav'n  firft-borni 
Or  of  th*  eternal  co-eternal  beam 
May  I  exprefs  thee  unblam'd  ?  fince  God  is  light. 
And  never  but  in  unappro -iched  light 
Dwelt  from  eternity,  dwelt  then  in  thee. 
Bright  effluence  of  bright  ellence  increate. 
Or  hear'fl:  thou  rather  pure  etherial  ftream, 
Whofe  fountain  who  fliall  tell  ?  before  the  fun. 
Before  the  heavens  thou  wert,  and  at  the  voice 
Of  God,  as  with  a  mantle,  didft  inveft 
The  riling  world  of  waters,  dark  ami^eep^ 
Won  from  the  void  and  formlefs  Mmit|;-^^^^^^ 

Whatever  is  feen  or  beheld  by  i^cxyej  Ik 
opticians  called  an  OBJECT. 


They  confider  every  objeft  as  made  up  of  a  vafi: 
number  of  minute  points,  and  that  each  of  ihefe 
points,  by  an  unknown  power,  fends  forth  rays 
of  light  in  all  dirccflions,  and  is  thus  the  center  of 
a  fphere  of  light,  extending  indefinitely  on  all 
fides. 


Cj  To 
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To  render  this  plainer,  let  us  fuppafeone  point 
of  an  objedl  to  be  lingled  out  from  the  reft,  and 
reprefented  by  P,  fig.  4,  then  the  lines  proceed- 
ing from  it  may  be  confidered  as  the  rays  of  light, 
Kow  it  is  evident,  by  infpeding  the  figure,  that 
in  whatever  pofition  the  eye  be  placed,  whether 
at  A,  at  B,  or  C,  &c.  the  point  will  be  vifible, 
rays  being  refiedled  frorn  it  to  every  part. 

It  appears  further,  from  all  experiments  th?it 
have  hitherto  been  made,  that  the  rays  of  light 
proceed  from  every  point  of  an  objedt  in  flrait 
lines  ;  but  that  they  are  refradied  or  bent  out  of 
this  reClilinear  cpurfe,  whenever  the  denfity  of 
the  medium,  through  whi^h  they  pafs_,  is,  in- 
creafed  or  diminifhed. 

By  a  MEDIUM,  in  the  language  of  opticians, 
is  meant  any  tranfparent  fubftance,  folid  or  fluid, 
through  which  light  pafies. 

One  medium  is  faid  to  be  more  denfe  than 
another,  when  it  contains  more  matter  in  the 
fame  bulk  or  fize  :  thus  glafs  is  more  denfe  than 
water,  water  is  more  d^nfe  than  air. 

Light  is  more  refraded,  or  bent,  in  paffing 
from  air  into  glafs,  than  fi-om  air  into  water ; 

or. 
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or,  in  other  words,  the  denfer  the  medium  is, 
the  more  the  rays  are  bent,  and  approach  a  per- 
pendicular let  fall  from  it's  furface. 

The  direction  with  which  the  rays  of  light  fall 
on  any  medium,  is  as  much  to  be  confidered  as 
it's  denfity. 

For  if  a  ray  falls  perpendicularly  on  the  furface 
of  any  medium,  it  is  not  bent,  but  goes  on  in  the 
fame  dirc(rcion  in  which  it  entered,  the  refrad:ioii 
only  taking  place  when  the  rays  fall  obliquely,  and 
is  fo  much  greater,  as  th^  incidence  is  more  ob- 
lique, and  the  medium  is  more  denfe.  Thus, 
for  example,  the  rays  are  more  bent  in  pafling 
from  air  into  glafs,  than  from  air  into  water. 

The  following  plcafing  and  eafy  experiment 
will  give  the  reader  a  clear  idea  of  what  is  meant 
by  the  refraction  of  the  rays  of  light ;  a  wonder- 
ful property,  to  which  we  are  indebted  for  all  the 
advantages  of  vifion,  and  the  afliftance  received 
from  glafles. 

Experiment.    Into  any  (hallow  velTel  (a  bafon) 
put  a  fhilling,  and  retire  tofuch  a  diftance  as  that 
you  can  juft  fee  the  farther  edge  of  the  fnilling, 
but  no  more :  let  the  velTcl,  the  lliiliing,  and 
C  4  your 
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your  eye,  remain  in  the  fame  fituation,  while  an 
afliftant  fills  up  the  veflel  with  water,  and  the 
whole  {hilling  will  then  become  vilible. 

Thus  the  eye  E,  fig.  2,  can  fee  no  part  of  the 
money  bD  in  an  empty  bafon  B;  but  pour 
water  into  the  bafon  up  to  c,  and  the  whole  piece 
will  be  feen  ;  becaufe  the  ray  A  c  D,  which  was 
Itrait  before,  is  now  bent  iqto  the  form  A  c  b. 

For  the  fame  reafon,  a  ftrait  ftick  put  partly 
into  water  appears  bent. 

Every  ray  of  light  carries  with  it  an  image  of 
that  point  from  which  it  proceeded.  If,  there- 
fore, all  the  rays  coming  from  any  point,  can  be 
united  in  the  fame  order  in  which  they  were 
emitted,  there  will  be  a  perfedl  reprefentation  or 
image  of  the  object,  at  the  place  where  they  are 
thus  orderly  united. 

The  whole  apparatus  of  the  eye  is  defigned  to 
produce  this  orderly  union  of  the  rays.  The  fame 
purpofe  is  alio  effcded  by  means  of  convex 
lenfes. 

It  is  by  the  refradion  of  the  rays  of  light,  that 
this  union  is  brought  about.    We  have  already 

obferved, 
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obferved,  that  if  a  ray  of  light  falls  perpendicu- 
larly upon  the  furface  of  any  medium,  it  will 
continue  to  go  on  in  a  ftrait  line,  in  the  fame 
diredlion  it  was  moving  in  before ;  but  if  it  falls 
obliquely  upon  tTie  furface  of  the  fecond  medium, 
it  will  be  refraded  at  the  point  of  incidence,  fo 
as  to  be  bent  towards  the  perpendicular,  when  it 
pafles  out  of  a  thinner  into  a  more  denfe  one; 
and  from  the  perpendicular,  when  it  pafles  out  of 
a  denfer  into  a  thinner  medium. 

The  parallel  rays,  fig.  3,  a  b  c  d  e  f  g,  falling 
obliquely  on  the  furface  A  DB  of  a  double  con^ 
vex  lens,  are  refraRed  or  bent  inward,  by  palling 
through  the  lens,  and  meet  in  a  focus,  or  point, 
at  C,  which  is  the  center  of  the  lens's  convexity* 

The  middle  ray  d  D  falling  perpendicularly  on 
the  furface  of  the  lens  at  D,  fufrcrs  no  refradion 
in  pafling  through  it. 

By  this  means,  if  a  number  of  rays,  proceeding 
from  any  one  point,  fall  on  a  convex  fpherical 
furface  of  glafs,  they  will  be  bent  or  refraded,  fb 
as  to  be  nearly  united  in  a  point  behind  the  glafs, 
and  there  form  a  reprefentation  of  the  original 
point. 


Henct, 
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Hence,  when  the  rays  which  come  from  all  the 
points  of  an  objed',  meet  again  in  as  many  points, 
after  they  have  been  re-united  or  converged  by 
refraciion,  they  a^hII  at  thefe  points  of  re-union 
form  a  pidure  of  the  objedl  upon  any  white  body 
on  which  they  fall. 

An  cafy  and  very  fimple  experiment  vAll 
enable  the  reader  to  comprehend  this  part,  better 
than  by  any  explanation  in  words. 

Experiment,  Let  B  B,  fig.  5,  reprefent  a 
darkened  room,  or  box,  into  which  no  light  is 
admitted  but  what  comes  through  a  glafs  lens  at 
O.    Let  D  E  F  be  objecT:s  without  doors. 

The  rays  of  light  coming  from  the  objects 
will  be  turned  out  of  their  courfe  by  the  refradive 
power  of  the  lens,  and  be  made  to  unite  at  the 
focus  of  the  lens. 

If,  therefore,  a  piece  of  white  paper  *  be  held 
at  the  focus,  the  pidures  of  the  objeds  will  be 
fairly  and  orderly  reprefented  on  the  paper,  in 

their 

*  The  pltlure  sppcars  beft  'tipon  white,  becaufe  white 
bodies  refxa  light  more  copioufly,  and  more  uniformly., 
than  bodies  cf  any  other  colour. 


ESSAY    ON  VISION. 

their  natural  colours  and  proportions,  but  in 
inverted  iituation. 

Every  phyiical  point  of  the  objecfls  fends  forth 
it's  cone  of  rays,  whichj  by  means  of  the  lens, 
are  made  to  unite  orderly  at  C  H,  and  being  there 
reflected  by  the  paper,  the  image  of  the  whole 
object  is  diftindl  and  vifible,  like  a  picture  drawn 
upon  canvas,  but  pnuch  more  lively  and  diflind 
;han  the  bed  finilhed  drawing  of  the  fined:  artifl*. 

If  the  paper  be  removed  nearer  to,  or  farther 
from  the  lens,  the  pi(flure  will  be  confufed  ;  be- 
caufe  the  rays  proceeding  from  the  next  adjacent 
points  of  the  objeds,  begin  to  interfere,  and  mix 
together. 

The  diftindnefs  of  the  pifture  depends  upon 
the  feparation  of  the  rays  belonging  to  every  point 
of  ^he  objedj  upon  their  reception  by  the  paper^ 

If  the  paper  be  removed  farther  and  farther 
from  the  focus,  the  pidlure  will  become  more  and 
more  indiftind,  and  at  length  totally  vanifii,  no 
one  part  being  diflinguifhable  from  the  reR,  be^ 
caufe  the  rays  from  remote  parts  are  mixed  with 
the  others.  It  is  for  the  fame  rcafon,  that  the 
room  muft  be  d?.rk,  othcrwife  the  foreign  light, 

by 
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hy  mixing  with  the  pencils  that  form  the  pidture, 
will  fo  weaken  it,  till  at  laft,  as  the  light  grows 
Uronger,  it  will  become  infenfible,  being  effaced 
hj  the  adventitious  rays. 

The  caufe  of  the  inverfion  of  the  image  is 
evident  from  a  bare  infpedion  of  the  figure; 
and  it  is  plain,  that  this  inveriion  is  not  to  be 
attributed  to  the  lens :  for  if  the  lens  be  removed, 
and  the  light  be  admitted  into  the  room  by  a  hole 
of  about  one-tenth  of  an  inch  in  diameter,  we 
fiall  l^ave,  on  the  paper,  an  inverted,  though 
impqrfed:,  pidure  of  the  objeds  without,  in.  the 
iime  npvanner  as  when  the  light  comes  through  the 
Icn.^, 

In  both  cafes  the  feveral  pencils  of  rays  necef- 
larily  crofs  each  other;  but  without  the  lens,  the 
pi'druTC  will  be  faint  and  confufed  :  it  is  faint, 
becaufc  there  are  but  few  rays  for  forming  each 
point  of  the  image ;  whereas  the  lens  colleded 
many  together  in  one  point,  and  thus  rendered 
the  image  flrongcr;  the  pidure  is  confufed,  be- 
caufe  the  rays  that  proceed  from  adjacent  objeBs 
interfere,  and  mingle  together. 

By  the  lens,  a  great  number  of  rays  are  united 
iiithe  famefenfible  point,  and  this  is  the  principal 

ufe 
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ufc  of  it ;  and  the  image  is  brighter,  in  propor- 
tion as  there  are  more  rays  united  ;  and  more 
diftind,  in  proportion  as  the  order  in  which  they 
proceed  is  better  preferved  in  their  union. 

Of  Vision. 

The  foregoing  rcprefentation  of  objecls  upon  a 
fheet  of  paper,  by  means  of  a  lens  placed  at  a  hole 
in  a  windovv-fhutter,  is  exceedingly  fimilar  to 
what  happens  to  our  eyes  when  we  view  objedls. 
For  the  ftru6ture  of  the  eye  plainly  indicates,  that 
in  order  to  attain  diftind  vifion,  it  is  neceflary 
that  a  certain  quantity  of  rays  from  every  vifible 
point  of  an  objecl:  fhould  be  united  at  the  bottom 
of  the  eye,  and  that  the  points  of  union  of  the 
rays  of  the  different  pencils  fhould  be  as  diftind 
and  fcparare  as  polTible. 

The  eye  is  admirably  contrived  for  effe<fting 
thefe  purpofes  :  all  the  rays  coming  from  any 
vifible  point  of  an  objed:,  that  can  enter  the 
pupil,  are  united  eiofely  together  upon  the  retina, 
and  thereby  make  a  much  more  powerful  and 
"  ftronger  imprcffioji  than  a  fingle  ray  alone  could 
do  ;  to  anfwer  this  purpofe,  the  retina  is  placed  at 
a  proper  diftance  behind  the  refrading  furfaces, 
and  each  pencil  of  l-ays  is  refraded  orderly  into 

diftina 
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diftind  focufes,  that  the  whole  objed  may  bt 
dillindly  ken  at  the  fame  inftant. 

Thefe  effeds  are  owing  to  the  refra6lion  of  the 
rays  of  light;  for  if  thefe  rays  were  not  fo  re- 
framed,  very  few  of  them  will  ftrike  upon  the 
leaft  fenfible  point  of  the  vifionary  nerve,  and  the 
rays  from  different  objeds,  or  from  different  parts 
of  the  fame  objecfls,  would  flrike  at  the  fame  place 
at  once,  and  thus  have  created  an  indiltinBnefs 
equal  to  biindnefs. 

When  the  light  is  weak  or  flrong,  the  pupil 
is  accordingly  enlarged  or  contradled,  for  the  ad- 
miflion  of  more  or  fewer  rays,  that  the  im- 
preiljons  on  the  retina  may  be  rendered  fuitable 

to  the  refpeclive  cafes. 

As  the  cryflalline  humour  is  denfeft  in  the 
middle,  it  is  highly  probable  that  it  is  not  equally 
refradive.  This  difference  in  denfity  of  the  con- 
flituent  parrs  of  the  cryftalline  is  admirably 
contrived  for  correding  the  aberration  from  it's 
figure,  as  well  as  that  of  the  cornea.  The  more 
remote  rays  of  each  pencil,  by  paffing  through  a 
medium,  gradually  diminifning  in  denfity  from^ 
the  middle  cowards  the  extremes,  have  their 
foculcs  gradually  lengthened,  which  corred  the 

2  aberrations 
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aberrations  of  the  figure,  that  fo  they  may  unite 
nearer  together.  The  concave  figure  of  the; 
retina  is  alfo  ferviceable  for  the  famepurpofe. 

It  is  by  no  means  eafy  to  determine  with 
accuracy  the  meafure  of  rcfradlion  of  the  different 
humours  of  the  eye  ;  from  fuch  experiments  as 
could  be  made,  it  has  been  found  that  the  refrac- 
tive powers  of  the  aqueous  and  vitreous  humours 
are  much  the  fame  with  common  water,  and  the 
cryftalline  a  little  greater. 

The  cornea  and  aqueous  humour  being  fuppo- 
fed  to  have  the  fame  refrad:ive  powers,  ail  three 
may  be  confidered  as  one  denfe  medium,  whofe 
refradive  furface  is  the  cornea  ;  and  the  cryftai- 
line  humour  may  be  confidered  as  a  convex  lens, 
placed  in  a  given  pofition,  within  the  faid  medium. 
Whence  the  humours  of  the  eye  all  together 
make  a  kind  of  compound  lens,  w  hofe  effect  in 
refrailing  rays  having  a  given  focus  of  incidence, 
is  eafily  found  by  the  laws  of  optics. 

We  fhall  now  endeavour  to  explain  the  aclioii 
of  the  rays  of  light  upon  the  eye,  by  a  figure. 
Let  PQR  be  an  objed:;  then  the  pencils  of  light 
BPB,  BQ^B.  BRB,  from  the  points  PQR, 
are  firfi:  refraQed  by  the  cornea,  fo  as  to  belong 

ta 
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to  the  focufes  a  b  c,  behind  the  eye ;  then  by  thg 
anterior  furface  af  the  cryftalline  humour,  they 
are  again  refracfted  towards  the  focufes  h  i 
nearer  to  the  eye  than  before ;  and  laftly,  in 
going  out  of  the  cryftalline  into  the  vitreous 
humour,  they  are  again  refracted,  fo  as  to  unite 
in  the  points  p  q  r.  In  Uke  manner,  the  pencils 
of  rays  coming  to  the  cornea  from  every  phy  Ileal 
point  of  the  objed  P  Q_R,  are,  by  the  different 
refradling  furfaces  of  the  eye,  brought  orderly  to 
unite  upon  the  retina,  and  there  form,  as  it  were^ 
an  image  p  q  r  of  the  objed,  but  in  an-inverted 
poiition;  the  upper  part  of  the  objecl:  being 
painted  upon  the  lovi'er  part  of  the  retina,  the 
right  lide  of  the  objed  upon  the  left  fide  of  the 
retina,  andfo  of  other  parts.  Thus  the  cavity  of 
the  eye  is  a  kind  of  camera  obscura,  the  cornea 
and  cryftalline  making  a  fort  of  compound  lenSj 
whofe  aperture  is  hmited  by  the  breadth  a  a  of  the 
pupih  And  that  the  parts  of  the  eye  are  adapted 
to  produce  fuch  an  image,  may  be  proved  by  ex- 
periment :  for  if  the  tunica  fclerotica  be  taken 
away  from  the  back  of  an  eye,  newly  taken  out 
of  the  head  of  any  animal,  and  this  eye  be  placed 
in  a  hole  made  in  the  window-fhutter  of  a  dark 
room,  fo  that  the  bottom  of  the  eye  be  towards 
you^  •  a  beautiful,  but  inverted,  pidure  of  ex- 
:  ternai 
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ternal  objc6ls  will  be  exhibited,  painted  in  the 
moft  lively  colours. 

If  the  humours  of  the  eye,  by  age,  or  any  other 
caufe,  fhrink  and  decay,  the  cornea  and  cryftal- 
line  grow  flatter  than  before;  and  the  rays  not 
being  fufficiently  bent,  arrive  at  the  retina  before 
they  are  united  in  their  focus,  and  meet  in  fome 
place  behind  it,  and  therefore  form  an  imperfedt 
picture  at  the  bottom  of  the  eye,  and  exhibit  the 
objedl  in  a  confufed  and  indiftind:  manner:  this 
defed,  of  which  we  (hall  treat  more  particularly 
hereafter,  is  remedied  by  fpedlacles  with  convex 
glafles,  which,  by  increafing  the  refraction  of  the 
rays  of  light,  caufes  them  to  converge  fooner^ 
and  thus  convene  diftindly  at  the  bottom  of  the 
eye. 

On  the  other  hand,  if  the  cornea  and  cryflaU 
line  be  too  convex,  the  rays  unite  before  their 
arrival  at  the  retina,  and  the  image  thereon  is  of  , 
courfe  indiftind: :  this  defe6l,  like  the  preceding 
one,  may  be  remedied  by  the  ufe  of  glafles,  thougli 
of  a  contrary  figure,  for  here  they  mud  be  con- 
cave, inftead  of  convex ;  a  lens,  of  a  proper 
concavity,  placed  before  the  eye,  will  make  the 
rays  diverge  fo  much  more  than  they  do  in  their 

D  natur^ 
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natural  (late,  as  will  caufe  them  to  meer  at  the 
rstina. 

The  optical  effeds  of  vifion  may  be  very  plea- 
fingly  and  fatisfadtorily  illuftrared  by  the  inflru- 
ment  reprefented  at  Eg.  7,  which  is  called  aa 

ARTIFICIAL  EYE. 

At  the  end  E  there  is  a  piece  of  glafs  placed, 
on  which  the  form  of  the  eye  is  painted,  a  part 
being  left  tranfparent,  to  reprefent  the  pupil ; 
within  the  globe  are  inferted  three  lenfes,  of  dif- 
ferent convexities,  either  of  which  may  be  brought 
oppofite  to  the  hole,  or  pupil  ;  one  of  thefe  is  to 
anfwer  for  the  natural  (late  of  the  eye ;  the  other, 
being  lefs  convex,  is  to  fhew  the  ftate  of  the  eye 
when  flattened  by  age  ;  the  third,  more  convex 
than  the  firft",  to  reprefent  the  condition  of  the 
fhort-fighted  :  at  the  oppofite  end  A  of  the  globe 
is  a  greyed  or  femi-tranfparent  piece  of  glafs,  to 
reprefent  the  retina. 

At  the  front  are  two  lenfes,  fitted  into  frames, 
and  moveable  by  the  handle  B,  one  concave,  C, 
the  other  convex,  D,  which  may  be  occafionally 
placed  before  the  eye,  to  flievv  how  the  imperfedt 
(iates  of  it  are  remedied. 
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If  the  artificial  eye  be  turned  towards  any 
bright  object,  at  a  moderate  didance,  and  the 
lens  for  the  natural  fight  be  brought  before  the 
pupil,  a  lively  and  diftin6l,  though  inverted, 
pi(flure  of  the  objecl:  will  be  exhibited  on  the 
greyed  glafs. 

If  either  of  the  other  lenfes  be  placed  oppofite 
the  pupil,  the  pidure  becomes  confufed  ;  but  it 
is  again  rendered  diftin6t,  by  placing  the  cor- 
refpoading  lens  before  it. 

If  vifion  be  owing  to  the  pidure  on  the  retina, 
it  may  be  afked,  why  the  objedl  appears  in  it'is 
natural  upright  poficion  ?  how,  when  nature 
draws  the  pichire  the  wrong  way,  her  errors  are 
fo  readily  cor  reded  ? 

If  it  were  as  eafy  a  tafk  to  give  a  fatisfadlory 
explanation  of  this  abftrufe  queftion,  as  it  is  to 
ftart  objedions  to  every  fy flem  hitherto  fuggefted, 
to  account  for  the  operations  of  the  mind  on  the 
body,  and  the  body  on  the  mind,  it  would  have 
been  explained  long  ago.* 

D  2  .  The 

*  See,  on  this  fubjeft,  Reid  on  thq  Mind,  Potterfield 
on  the  Eye,  Hartley  on  Man,  Bonnet's  EfTai  Analytique 
fur  TAmCj  Berkeley  on  Vifionj  &c,  &c, 
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The  difficulty  would  be  ftill  greater,  if  it  was 
the  pidure  we  faw,  and  not  the  objed: ;  but  the 
pidlure  is  not  feen  at  all,  the  eye  can  fee  no  pare 
of  itfelf ;  thepifture  is  the  inft^'utnent,  by  means 
of  which  the  object  is  perceived  ;  but  it  is  not: 
perceived  itfelf,  the  inUrument  neither  perceives, 
compares,  nor  judges;  thefe  are  powers  pecu- 
liajr  to  that  pfycological  uniny  which  we  call  the 

MIND, 

It  IS  abfolutely  necefTary,  in  confidering  thk 
fubjevft,  to  diftinguifh  between  the  organ  of  per- 
ception, and  the  being  that  perceives.  A  man 
cannot  fee  the  fatellites  of  Jupiter,  unlefs  affifleid 
by  a  telefcope  :  does  be  therefore  conclude  from 
this,  that  it  is  the  telefcope  that  fees  thofe  fatel- 
lites ?  By  no  means  ;  the  conclulion  would  be 
abfurd  :  nor  would  it  be  lefs  abfurd,  to  conclude 
that  it  is  the  eye  that  fees  :  the  eye  is  a  natural 
organ  of  fight,  but  the  natural  organ  fees  as  littk 
as  the  artificiai. 

Our  fenfes  are  inftruments,  fo  framed  by  thb 
Authbr  of  our  being,  that  they  correfpond  with, 
or  have  a  determined  relation  to,  thofe  qualities 
in  objeds  which  they  are  to  manifeft  to  us.  It 
is  thus  with  the  eye  ;  it  is  an  inftrument  nioft 
admirably  contrived  for  manifefting  vifible  objedls 

to 
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to  the  mind  ;  for  this  piirpofe,  it  refradls  the  rays 
•of  light,  and  forms  a  picture  upon  the  retina; 
but  it  neither  fees  the  objed,  nor  the  pidure. 
The  eye  will  refradl  the  rays  of  hght,  and  form 
the  pidure,  after  it  is  taken  out  of  the  head,  but 
no  vifion  enfues.  Even,  when  it  is  in  it's 
proper  place,  and  perfedly  found,  anobftrudioa 
in  the  optic  nerve  lakes  away  vifion,  though  the 
■eye  has  performed  all  it's  fmidions. 

We  know,  indeed,  how  the  eye  forms  a  pi(S:uTC 
of  vifible  obje8s  on  the  retina  j  but  how  this 
pidure  makes  us  fee  objeds,  we  know  not :  and 
if  experiment  had  uot  informed  us  that  fuch  a 
picture  was  neccifary,  wc  Ihould  have  been  en- 
tirely ignorant  of  it.  The  feat  of  fenfotion, 
wherever  it  is  placed,  does  no^t  appear  to  bepailive 
in  receiving  images  ;  the  images  are  the  occaiion 
of  it's  re-adion,  and  direding  a  ray  from  itfclf 
towards  every  objed  it  perceives,  and  this  adion 
and  re-adion  are  reciprocal.  Hence  we  often  fee 
objeds  when  the  eye  is  turned  from  them, 
often  do  not  fee  the  objed  on  which  the  eye  is 
turned,  if  the  attention  be  otherwife  engaged. 

The  pi(ilures  upon  tbe  retina  are,  however,  a 
mean  of  vifion  ;  for  fuch  as  the  pidure  is,  or 
fuch  as  the  aftion  of  the  rays  of  light  is  on  the 
D  2  retina. 
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retina,  fuch  is  the  appearance  of  the  objedl  in 
colour  and  figure,  diftindnefs  or  indiftinBnefs, 
brightnefs  or  faintnefs ;  but  as  we  are  totally  ig- 
norant of  the  mechanifna  of  the  mind,  or  of  the 
organization  of  the  mental  eye,  we  cannot  fay 
how  this  effect  operates,  and  can  only  conclude, 
that  the  natural  eye  is  an  inftrument  of  vifion. 

It  appears  very  clear  from  Dr,  Darwin's  ex- 
periments, that  the  retina  is  often  in  an  adive 
flate,  and  that  upon  the  activity  of  this  organ 
many  of  the  phasnomena  of  vifion  depend ;  an 
impreffion  on  the  retina  being  firft  made  by  an 
a6live  power,  which  produces  a  conformable 
change  and  re-aclion,  that  paffes  direcSlly  to  the 
fenforium,  occafioning,  though  in  an  unknow^n 
manner,  the  perception  of  objed:s. 

On  a  fubjedt,  therefore,  confefledly  fo  obfcure, 
and  which  is  perhaps  beyond  the  limits  of  human 
conception  in  it's  prefent  flate,  every  explana- 
tion mull  be  imperfe(ft,  every  illuflration  inade- 
equate.  Among  the  various  atternpts  of  human 
fagacity,  to  fhew  why  an  inverted  image  is  the 
mean  of  exhibiting  objeds  to  the  mind  in  an  up-^ 
right  pofition,  the  following  is  perhaps  one  of  the 
leafi:  imperfeit. 


Every 
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Every  point  of  an  objcfl  is  feen  in  the  diredion 
of  a  right  line,  pafling  from  the  pidurc  of  that 
point  on  the  retina,  through  the  center  of  the 
eye,  to  the  object  point ;  and,  therefore,  fuch 
points  indicate  to  the  mind  the  exigence  of  the 
objed  point,  and  it's  true  fituation ;  and  of 
courfe,  that  the  objecfl,  whofe  pi6lure  is  loweft  on 
the  retina,  mull  be  feen  in  the  highefl  diredion 
from  the  eye ;  and  that  objed:,  v,  hofe  pidlure  is 
on  the  right  of  the  retina,  muft  be  feen  on  the 
left  :  fo  that  by  a  natural  law  of  our  conftitution, 
we  fee  objeds  ered  by  inverted  images,  and  if 
the  pidures  had  been  ered  on  the  retina,  we 
fliould  have  feen  the  objed  inverted.* 

But  fuppoling  the  preceding  illuilratlon  to  be 
the  true  one,  and  quite  fatisfadory,  many  dif- 
ficulties ftiil  remain,  to  perplex  the  phiiofopher, 
and  embarrafs  the  anatomift.  There  are  parts  of 
the  eye  which  affift  in  perfeding  the  organ  of 
vifion,  whofe  nature  and  fundions  are  among 
the  defiderata  of  fcience.  We  are  ignorant  of  the 
office  of  the  optic  nerve,  or  in  what  manner  it 
performs  that  office.  That  it  has  fome  part  in 
the  faculty  of  feeing,  is  evident;  becaufe  in  an 
amaurofis,  which  is  hid  to  be  a  diforder  of  the 
D'  4  optic 

*  Reid  OR  the  Human  Mir^d. 
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optic  nerve,  the  pidures  on  the  retina  are  ckar 
and  diftindl,  and  yet  there  is  no  vifioru 

We  know  (till  lefs  of  the  ufe  and  functions  of 
the  choroid  membrane  ;  it  is  neceffary,  however, 
to  vilion,  for  it  is  well  known,  that  pidures  upon 
that  pare  of  the  retina  where  it  is  not  covered  with 
the  choroid,  namely,  at  the  entrance  of  the  optic 
nerve,  produces  no  more  vifion  than  a  pi6lure 
upon  the  hand.  There  are,  therefore,  other  ma- 
terial organs,  whofe  operations  are  neceffary  to 
feeing,  even  after  the  pidlures  upon  the  retina 
are  formed  ;  whenever  we  become  acquainted 
with  the  ufe  of  thefe  parts,  more  links  of  the 
chain  will  be  brought  into  our  view,  and  we  fhall 

better  comprehend  this  wonderful  inftrument. 

♦ 

Having  had  occafion  to  mention  that  there  is 
no  vifion  produced  by  that  part  of  the  retina 
which  is  not  covered  by  the  choroid  membrane, 
it  will  be  proper  to  illuftrate  this  circumftance 
more  fully,  and  fhew  in  what  manner  this  fadt 
has  been  afcertained,  the  difcovery  of  which  oc- 
cafioned  a  long  controverfy  concerning  the  proper 
feat  of  vifion. 

Experiment.  Fix  three  patches,  ABC, 
upon  a  white  wall,  at  the  height  of  the  eye,  and 

about 
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^boLit  one  foot  from  each  other  :  place  yourfelf 
facing  thefe  patches,  fl^ut  the  right  eye  and  direft 
the  left  towards  the  patch  C,  you  will  then  fee 
both  A  and  C,  but  the  middle  patch  B  will  dif- 
appcar.  Or  if  the  left  eye  be  fhut,  arid  the  right 
directed  towards  A,  you  uill  fiill  fee  both  A  and 
C,  but  B  will  difappear.  If  the  eye  be  diredled 
towards  B,  both  B  and  A  will  be  feen,  and  not  C; 
for  which  ever  of  the  patches  is  diredly  oppolitc 
to  the  optic  nerve  N  vanities.  This  experiment 
is  rather  difficult  at  hrfl:,  but  becomes  eafy  by  a 
iittle  prad'ice.  In  our  ufual  intcrcourfe  witli 
common  objects,  wc  are  not  fenfible  of  this  dc- 
fedl,  becaufe  we  turn  the  vifual  parts  of  the  eye 
with  fo  much  rapidity  upon  the  invifible  part  of 
the  objed,  that  the  lofs,  without  peculiar  atten-* 
tion,  is  imperceptible  ;  this  lofs,  however,  in  one 
«ye,  is  remedied  by  the  ufe  of  both,  as  the  part  ^ 
of  the  objedl  that  is  not  fecn  by  one,  will  be 
dillinc>Iy  perceived  by  the  other.  This  defe8  of 
ilghr,  though  common  to  every  human  eye,  was 
never  known,  until  it  was  difcovered  by  the  fa- 
gacity  of  Monf.  Mariotte  in  the  laft  century. 

Of  the  Extent  or  Limits  of  Vision, 

We  fliall  now  proceed  to  confider  further  the 
nature,  properties,  and  extent  of  power  of  the 

eyes. 
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eyes.  As  in  a  dark  chamber,  a  very  llender  beara 
of  light  is  vifible;  fo  in  all  cafes  when  the  fur- 
rounding  medium,  is  very  dark,  objedls  are  feen  by 
fmall  quantities  of  light.  Hence,  when  the  me- 
dium round  the  eye  is  dark,  a  fmall  quantity  of 
light  will  fuffice  forvifion,  the  eye  being,  by  the 
cxclufion  of  the  adventitious  light,  rendered  fen- 
fible  to  the  moft  delicate  imprefTions. 

The  extent,  therefore,  of  our  fight  is  increafed 
or  diminilhed,  in  proportion  to  the  quantity  of 
light  that  furrounds  us,  fuppofing  the  illumina- 
tion of  the  obje6t  to  remain  the  fame.  Hence  it 
has  been  calculated,  that  if  the  fame  object, 
which  during  the  day  we  fee  at  the  diflance  of 
^436  times  it's  diameter,  were  equally  illumin- 
ated during  the  night,  it  would  be  vifible  at 
100  times  greater  diftance. 

Thus  in  a  dark  night  the  feeble  light  of  a  candle 
may  be  feen  at  a  great  diftance ;  and  the  fixed 
ftars,  though  they  have  no  fenfible  diameter,  are 
vifible,  and  the  darker  the  night,  the  more  of 
them  are  feen.  A  certain  quantity  of  light  is, 
however,  necelfary,  even  in  this  cafe,  for  vifion  ; 
for  the  impreflions  of  light  from  the  fatellites  of 
Jupiter  and  Saturn,  are  too  feeble  to  be  perceived 
without  ihe  afliftance  of  a  telefcope.^ 

2     ■  At 
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At  the  approach  of  day,  and  as  the  twilight  in- 
crcafes,  the  eye  begins  to  be  enlightened  by  the 
refledion  of  the  atmofphere,  the  flars  grow 
fainter,  and  in  proportion  as  the  light  increafes, 
gradually  difappear,  firfi  thofe  of  the  Icafl:,  and 
at  laft  thofe  of  the  largeft  magnitude.  As  the 
day  advances,  the  moon  hcrfclf  lofesof  her  ludrc, 
till  at  length  her  light  is  overpowered,  and  fhe  is^ 
no  longer  feen.  In  the  fame  manner,  fmallpar-, 
tides  are  feen  floating  in  a  beam  of  light  let  into  a 
darkened  room,  but  as  foon  as  the  room  is  eii-. 
lightened,  thofe  particles  difappear. 

One  of  the  reafons  why  we  are  often  unable  to 
diflinguifh  diftant  objecils,  is  the  profufion  of  rays 
refled:ed  from  intermediate  objedls,  which,  by 
their  brilliancy,  prevent  us  from  perceiving  the 
fainter  and  diverging  rays  that  proceed  from  thofe 
which  are  more  diiiant,  fo  that  when  the  obje6ls 
are  very  remote,  their  pidure  on  the  retina  is 
eafily  obliterated,  by  the  vigorous  and  lively  im- 
preflions  made  by  thofe  that  are  nearer.  But 
when  the  intermediate  ones  emit  a  feeble  light, 
when  compared  to  that  which  proceeds  from  the 
more  remote  ones,  thefe  will  form  a  diflind: 
pidlure  on  the  retina,  and  become  perfecll/ 
vifibie. 

Th^ 
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The  extent  of  vifion  is  not  only  limited  by  the 
light  of  the  ambient  medium,  which  enters  the 
eye  with  the  pencils  of  light  that  proceed  from 
furrounding  objcdls ;  but  ic  is  further  impeded  by 
the  heterogeneous  particles  that  are  conftantly 
floating  in  the  air:  thefe,  by  their  opacity  and 
reflexibility,  form  a  kind  of  veil,  that  obfcures 
the  vifion  of  remote  obje8s ;  and  the  more  the 
medium  is  loaded  with  thcfe  particles,  and  the 
more  ren:iote  the  objeft  is  from  the  fpe(5lator,  the 
more  obfcure  and  indiftind:  it  will  appear,  and 
the  limits  of  viflon  be  more  confined. 

The  exhalations  which  continually  rife  from  the 
earth,  augment  thi^  obfcurity,  and  render  the  air 
kfs  tranfp^irent,  efpecially  near  the  earth;  die 
celeftial  bodies  generally,  therefore,  appear  more 
obfcure  when  near  the  horizon,  than  when  they 
are  at  a  greater  elevation  ;  becaufe,  in  the  firft 
cafe,  they  are  feen  through  that  part  of  the  at- 
mofphere  which  is  contiguous  to  the  furface  of 
the  earth  ;  but  in  the  latter,  through  a  part  which 
is  at  a  greater  diftance. 

Every  one  knows,  that  objedls  at  a  given 
diftance  are  more  difi:indly  feen,  and  vifible  at  a 
greater  difiance  in  clear,  than  in  foggy  weather. 
Thus  early  in  a  clear  morning,  and  when  the 

Js 


ESSAY    ON  VISION. 


61 


is  free  from  vapours,  and  not  much  enlightened, 
a  hill  or  a  head-land  is  vifible  at  a  great  dif- 
tance;  but  as  the  day  advances,  the  land  be- 
comes more  obfcure,  till  at  lengthy  by  the  great 
opacity  of  the  intervening  vapour,  and  the  light 
refleded  by  it  to  the  eye,  the  obje^ft  becomes  lefs 
and  lefs  perceptible,  and  at  laft  totally  difap- 
pears. 

But  the  obfcurity  arifing  from  the  exhalations 
is  not  the  leaft  part  of  the  inconvenience  they 
occafion ;  the  rifing  exhalations  have  a  kind  of 
undulating  motion,  like  that  of  fmoke  or  fteam, 
fo  that  objeds  feen  through  them  appear  to 
have  a  tremulous  or  dancing  motion,  which  is 
fenfible  even  to  the  naked  eye  :  if  diftant  objedls 
be  viewed  on  a  hot  fummer's  day,  this  effecl  is 
fo  fenlible  in  tclefcopes,  as  to  render  them  en* 
tirely  ufelefs  for  terreftrial  objeds,  when  they 
augment  apparent  magnitude  more  than  eighty 
times, 

JFrom  this  want  of  tranfparency  in  the  atmo- 
fphere,  arifes  that  gradual  diminution  in  the 
light  of  objeds,  which  painter^  call  the  aerial 
perfpcdive,  and  that  azure  tinge  of  the  interven- 
ing atmofphere,  by  which  they  endeavour  to 
_give  that  degradation  of  colour,  and  indiftin6i- 

nefs 
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nefs  of  outlines,  peculiar  to  obje(fi:s  at  a  dirtance  i 
for  if  the  air  were  perfedly  tranfparent,  an  objed 
would  be  equally  luminous  at  all  diftances,  be- 
caufe  the  vilible  area  and  the  denlity  of  light 
decreafe  in  the  fame  proportion. 

Another  caufe  which  limits  the  extent  of 
vilion,  and  for  the  removal  of  which  optical  in- 
ftruments  are  more  particularly  adapted,  is  their 
fmallnefs  in  proportion  to  their  diftances :  for 
excepting  in  the  cafe  of  luminous  objeds  feen  in 
the  dark,  it  is  neceflary  that  an  image  on  the 
retina  ftiould  have  fome  determinate  magnitude, 
in  order  to  become  perceptible ;  thus  a  houfc 
may  be  feen  at  a  confiderable  diftance,  but  we 
muft  approach  nearer  before  the  windows  are 
difcernible,  and  nearer  ftill  to  diftinguifh  the 
bricks. 

It  is  not  eafy  to  determine  with  accuracy  the 
quantity  of  the  minimum  visibile,  or  the  angles 
that  is  fubtended  by  the  fmallelt  vifible  objecft. 
Mr.  Harris  has  inferred,  from  feveral  experi- 
ments, that  objeds  are  feldom  vifible  under  an 
angle  lefs  than  40  feconds,  and  at  a  medium  not 
lefs  than  two  minutes. 


A  Cm- 
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A  fimple  objcfl,  as  a  white  9r  black  fquare, 
upon  the  oppofue  colour,  is  perceivable  under 
a  lefs  angle  than  the  parts  of  a  compound  one. 
The  more  objects  differ  in  colour,  the  more 
eafily  we  can  diftmguifh  their  fcveral  impreffions 
on  the  retina :  different  degrees  of  light  on  the 
fame  objec'l  will  render  it  vifible  at  different  dif- 
tances,  and  under  different  angles ;  indeed  the 
moft  general  caufe  of  the  nonvifibility  of  objeds, 
is  the  want  of  fufficient  light  in  the  pencils  that 
proceed  from  them  ;  feveral  contiguous  objeds 
are  fcarce  dffcernible  one  from  the  other,  unlefs 
they  each  fubtend  angles  that  are  not  lefs  than 
four  minutes. 

A  long  flender  objedl  is  vifible  under  a  fmaller 
angle  than  a  fquare  objeCl  of  the  fame  breadth,  a 
flender  object,  as  a  line,  may  be  confidered  as 
coniifting  of  feveral  fquares  joined  together;  and 
though  one  of  thefe  fquares  may  be  top  fmall 
to  be  feen,  yet  the  pencil  of  light  coming  from 
each  of  them  being  contiguous,  and  llriking  at 
the  fame  time  upon  the  retina,  are  capable,  by 
their  united  flrength,  to  awaken  the  vifive  faculty^ 
and  fo  to  render  the  objeds  vifible  from  whence 
they  came.    For  the  fame  reafon,  a  fmall  objed: 
in  motion  is  eafier  difcerned  than  if  at  reR, 
and  may  be  vifible  in  the  one  cafe,  though  not 

in 
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m  the  Other.  A  fmall  Har,  by  day  or  twilight, 
that  cannot  be  eafily  fcen  through  a  telefcope 
directed  to  it,  will  become  vifible  by  (baking  or 
moving  the  telefcope. 

There  is  a  great  difference  in  the  degree  of  fen- 
fibility  of  different  eyes.  VVc  have  been  told  of 
perfons  feeing  a  fatellite  of  Jupiter  without  the 
affiftance  of  glafies :  a  circumitance  that  to  many 
appears  incredible.  But  when  we  conlider  how 
much  the  various  circumftances  of  light  afFeCl: 
vifion,  and  how  much  further  our  fight  is  ex- 
tended at  fome  favourable  opportunities  than 
at  others,  thtfe  extraordinary  accounts  may  be 
the  more  readily  credited. 

The  following  calculation  of  M.  de  la  Hire  will 
give  fome  idea  of  the  extreme  fenfibility  of  the 
optic  nerves.  The  fail  of  a  windmill,  fix  feet  in 
diameter,  may  be  eafily  fcen  at  the  diflance  of 
j^ooo  toifes,  and  the  eye  being  fuppofed  to  be  an 
inch  in  diameter,  the  pi^lure  of  this  fail  at  the 
bottom  of  the  eye  will  be  the  eight  thoufandth 
part  of  an  inch.  This  fhews  with  what  wonder-, 
ful  accuracy  the  rays  of  light  are  refrad:ed  by  the 
^ye,  fo  that  a  pencil  of  rays  coming  from  one 
ppinc  of  the  objed:,  (hall  iP.eet  in  a.  point  on  the 

retina;^ 
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J!  ci^na,  fo  as  not  to  deviate  the  eight  thoufandth 
,part  of  an  inch. 

If  an  ohje(fl  be  held  too  clofe  to  the  eye,  it  be« 
CQmes  indailind,  and  the  more  fo  the  clofer  it  is 
held,  notwithftanding  it's  apparent  magnitude  is 
thereby  increafed,  and  a  very  flendejr  objedl  will 
ibecome  totaUy  invifible* 

To  the  generality  of  ey^s,  the  neareft  diftance 
«of  diftindl  vilion  is  about  feven  or  ^ight  inches; 
at  this  diflance  they  comi^ionly  read  a  fmall 
print,  and  exainine  all  minute  objc(fl^.  It  is  true, 
feme  eyes  cm  fee  fmall  obje^s  beft  at  the  diftance 
of  fix,  four,  and  even  three  incbes ;  and  fome 
^gain  at  twelve,  fifteen,  or  twenty  inches ;  but 
iDhefe  are  only  particular  cafes,  and  do  not,  there- 
fore,  afFed  the  prefent  iuquiay. 

Of  distinct  ^nd  indistinct  Vision, 

It  will  be  proper  in  this  place  to  explain,  u  ith 
tnore  accuracy,  what  is  meant  by  diftindl  vifion, 
and  what  is  the  diftercnce  betv-een  feeing  an  ob- 
jcd  diftindly,  and  feeing  it  clearly ;  as  the 
clearnefs  or  brightnefs  with  which  an  objed  is 
fcen,  is  often  confounded  with  diftind  vifion. 
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We  fee  an  objedl  clearly,  when  it  is  fufficiently 
illuminated,  to  enable  us  to  form  a  general  idea 
of  it's  figure,  and  diftinguifh  it  from  other  ob^ 
jeds  :  we  fee  it  diftindly,  when  the  outlines  of 
it  are  well  defined,  when  we  can  diflinguifh  the 
parts  of  it,  and  determine  their  colour  and  fitu- 
ation.  Thus  we  may  be  faid  to  fee  a  diilant 
objed:  clearly,  when  we  can  perceive  that  it  is  a 
tower ;  but  to  fee  it  diftindly,  we  approach  fo 
near  as  to  be  able  to  determine  not  only  it's 
general  outline,  but  to  diilinguifti  the  parts  of 
which  it  is  compofed. 

This  may  be  made  more  evident,  by  adverting 
to  the  experiment  of  the  dark  chamber,  in  which 
we  fhall  find  a  coniiderable  difference  between 
the  diftindnefs  and  brightnefs  of  the  picture; 
and  learn,  that  a  confufion  of  the  parts  is  not  the 
fame  thing  with  obfcurity. 

For  the  pidure  may  be  diflindi:  in  all  it's  parts ; 
the  rays  which  come  from  one  and  the  fame  point 
in  the  objeB,  may  be  exadly  colleded  into  one 
and  the  fame  point  upon  the  paper;  and  yet,  if 
but  few  rays  pafs  through  the  lens,  and  confe- 
quently  the  fpace  where  the  pidure  is  painted 
(hould  be  but  faintly  enlightened,  this  pidure,- 
though  it  is  diftind^  will  be  faint  and  obfcure. 

On 
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On  the  other  hand,  though  the  pidture  be  con- 
fufed,  either  becaufe  the  paper  is  placed  at  an 
improper  diftancefrom  the  lens,  or  for  any  other 
caufe ;  yet  if  many  rays  pafs  through  the  lens, 
and  ftrongly  illuminate  the  paper,  the  pidure, 
notwithflanding  the  want  of  dill:in(3:nefs,  will  be 
a  bright  one. 

The  brightnefs  or  clearnefs  with  which  an  ob* 
jeEl  is  feen,  depends  principally  on  the  following 
circumflances. 

1.  On  the  quantity  of  light  proceeding  from 
the  objed  to  the  eye,  and  this  is  in  a  great  mea- 
fure  regulated  by  the  diftance,  for  the  intcnfity  of 
light  diminifl^es  in  an  inverfe  ratio  to  the  fquare 
of  the  diftances, 

2.  It  depends  on  the  colour  of  the  objecfh  itfelf, 
and  of  thofc  objeds  which  furround  it, 

3.  On  the  manner  in  which  the  light  falls  upon 
the  objed:,  and  is  refieded  from  it. 

4.  On  the  aperture  of  the  pupil,  for  the 
wider  this  is,  the  greater  will  be  the  number  of 
rays  that  are  tranfmitted  to  the  retina. 
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^.  On  the  franfparency  and  purity  of  the 
humours  of  the  eye,  and  the  foundnefs  of  the  reft 
of  the  vifive  parts. 

6.  On  the  tranfparency  of  the  atmofphere. 

When  all  thefe  circumftances  concur,  an  ob- 
jeft  will  appear  bright  and  clear;  butlefs  fo,  in 
proportion  as  any  of  them  are  wanting.  In  order, 
however,  to  obtain  diftind:  vifion,  it  is  requifite, 
not  only  that  the  objedl  be  fufficiently  illuminated, 
but  alfo  that  the  feveral  pencils,  on  their  arrival 
at  the  retina,  fhould  be  feparate,  and  not  mixed 
together,  and  when  this  is  not  the  cafe,  the  out- 
lines of  the  objedl  and  it's  parts  will  appear  faint, 
hazy,  and  ill-defined*  We  may,  therefore,  con- 
fider  the  following  conditions  as  neceffary  towards 
obtaining  diftindl  vifion. 

1.  The  objeds  fhould  be  fufficiently  illu- 
minated :  now  all  other  circumftances  being  the 
fame,  the  nearer  any  objed  is,  and  the  brighter 
it's  colour,  the  more  light  the  eye  receives  from 
it ;  this  is  one  reafon  why  near  objecls  are  more 
diftindly  feen  than  thofc  that  are  remote. 

2.  The  geometrical  image  of  objecfts  fhould 
fall  either  upon  the  retina,  or  very  near  it,,  and 
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thefe  images  (hould  b-  fufficiently  large,  other- 
wife  the  parts  of  the  objed:  cannot  be  diHindly 
perceived:  the  want  of  fize  in  this  image  is  alfo 
a  caufc  of  the  indiftinftnefs  of  remote  obje<fts. 

3.  It  is  alfo  requifuc  that  the  eye  be  in  perfecl 
order,  and  it's  humours  tranfparent,  in  order  thac 
the  impreffions  of  light  may  be  hvely  and  diflindt. 

In  a  given  eye,  and  a  given  difpofition  of  thac 
eye,  an  image  upon  the  retina  will  be  mofi:  per- 
fedl  when  the  obje6l  is  at  fome  determinate 
diftance  from  the  eye,  and  it  is  near  this  point  or 
place,  that  objeds,  if  they  are  not  too  fmall,  will 
be  diftinQly  feen.  An  objedl  at  a  greater  or  lefs 
diftance,  will  have  it's  image  either  before  or 
behind  the  retina ;  and  in  either  cafe,  if  the 
diftance  of  the  image  from  the  retina  be  con^ 
liderable,  the  vifion  will  be  indiftind. 

Dr.  Jurin  has,  however,  fiiewn  that  it  is  not 
neceflfary  to  diftindt  vifion,  that  the  images  of 
objedls,  or  the  points  of  union  of  the  rays  be 
precifely  upon  the  retina,  there  being  fome  lati- 
tude both  before  and  behind  the  retina,  within 
which,  whatever  images  i)e  formed,  the  vifion 
will  be  equally  diftindl,  and  this  latitude  will  be 
greater  or  lefs,  according  as  the  vifual  angles, 
E  3  fubtend- 
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fubtended  by  the  refpeBive  objedls,  are  greater  or 
kfs. 

Let  a  printed  page,  in  which  there  are  letters 
of  three  or  four  different  lizes,  be  placed  at  fuch 
a  diftance,  that  every  fort  of  print  may,  without 
~  any  draining  or  effort  of  the  eye,  be  perfedly 
diUind ;  in  this  cafe  it  may  be  reafonably  pre- 
fumed,  that  the  images  of  the  feveral  letters  fall 
upon  the  retina.  If  the  printed  leaf  be  brought 
gradually  nearer  and  nearer,  the  fmalleft  print 
will  firft  begin  to  be  confufed,  whilff  the  larger 
remains  as  diffind  as  before:  by  advancing  itfliii 
nearer,  the  fmaller  print  will  become  more  con- 
fufed, the  next  fize  above  it  a  little  confufed, 
whilff  the  large  print  is  ftili  as  legible  as  before, 
and  fo  through  feveral  degrees,  till  the  whok  is  in 
confufion. 

The  fame  experiment  may  be  made  the  con-^ 
trary  way,  by  nfmg  a  pair  of  fpe61acles,  of  a 
proper  convexity.  From  hence  it  is  evident,  that 
we  may  havediflind:  vifion,  when  the  focufes  of 
the  pencils  are  at  fome  diffance,  either  before  or 
behind  the  retina,  and  that  the  larger  the  objed, 
the  greater  is  this  latitude. 
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But  as  in  this  cafe  the  pencils  from  every  poire 
either  meet  before  they  reach  the  retina,  or  tend 
to  meet  beyond  it,  the  light  that  comes  from 
them  muft  cover  a  circular  fpot  upon  it,  and  will, 
therefore,  paint  the  image  larger  than  perfect 
vilion  would  reprefent  it :  and  confequently,  that 
every  objed:,  placed  either  too  near  or  too  remote 
for  perfedl  vifion,  will  appear  larger  than  it  is,  by 
a  penumbra  of  light,  caufed  by  the  circular  fpa- 
ces,  which  are  illuminated  by  pencils  of  rays 
proceeding  from  the  extremities  of  the  objecSts. 
Thefe  circular  fpaces  are  called  circles  of  dillipa- 
tion.  This  accounts  for  fliort-fighted  perfons 
finding  near  objeds  appear  rather  magnified, 
when  they  ufe  a  concave  that  is  not  fo  deep  as 
that  to  which  they  are  accuftomed. 

On  account  of  thefe  penumbras,  it  is  clear  that 
two  ftars  will  appear  to  be  nearer  than  they  really 
are  ;  and  if  they  be  really  very  near,  will  appear 
to  be  but  one,  but  brighter  than  either  of  them 
taken  alone  :  fo  that  the  two  flars  will  have  the 
fame  appearance  as  if  one  brighter  ftar  appeared 
in  the  middle  of  the  fpace  occupied  by  the  two 
flars. 


When  objeds  are  large,  they  will  appear 
tolerably  diflin6l  at  a  much  lefs  diflance  than 
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fmall  objeds,  becaufe  the  penumbrae  will  rm 
interfere  fo  much.  For  this  rcafon,  a  large  print 
may  be  read  much  nearer  the  eye  than  a  fmall 
one ;  the  former  will  appear  only  ill-defined,  but 
fufficiently  diftinift,  when  the  latter  is  quite  in- 
diftind,  the  penumbra  of  one  letter  interfering 
with  that  of  another. 

It  is  very  difeult  to  afcertain  precifely  the 
natural  diftance  of  diflincft  vifion,  or  that  diftance 
at  which  the  eye,  without  any  drain  or  effort,  is 
fuited  to  fee  objeds  diftindly.  If  we  fuppofe 
this  diftance  to  be  that  at  which  we  ufually  read  a 
large  fair  print,  this  will  be  about  fifteen  or  fix- 
teen  inches,  and  lefs  it  cannot  be,  as  we  are  rather 
more  concerned  with  large  objedls  than  the  letters 
of  a  book  ;  and  when  we  view  objeds  nearer,  it 
is  on  account  of  their  minutenefs :  nor  is  it  pro-- 
bable  that  the  diftance  can  be  many  feet,  as,  in- 
order  to  examine  objects,,  we  are  always  defirous 
to  have  them  near  the  eye,  except  they  are  very 
large.  The  neareft  diftance  of  difiind  vifion  is, 
in  genera]  computed  to  be  at  about  fcven  or  eight 
inches  from  the  eye. 
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Of  the  Change  in  the  Conformation  of  the 
Eye  for  Vision,  at  different  Distances, 

As  a  fhip  requires  a  different  trim  for  every 
variation  of  the  diredion  and  the  ftrength  of  the 
wind,  fo,  if  we  may  be  allowed  to  borrow  that 
word,  the  eyes  require  a  different  trim  for  every 
degree  of  light,  and  for  every  variation  in  the 
diftance  of  the  objed:,  while  it  is  within  certaisi 
limits.  The  eyes  are  trimmed  for  a  particular 
objedl,  by  contradling  certain  mufcles,  and  relax- 
ing  others  ;  as  the  ffiip  is  trimmed  for  a  particu- 
lar wind,  by  drawing  fome  ropes,  and  flackening 
others.  The  failor  learns  this  trim  of  his  fnip,  as 
we  learn  the  trim  of  our  eyes,  by  experience.* 

A  fliip,  although  it  be  the  noblcfl  machir^ 
that  human  art  can  boaft,  is  far  inferior  to  the 
eye,  for  it  requires  art  and  ingenuity  to  navigate 
her,  and  the  failor  muff  know  what  ropes  to  pull,, 
and  which  to  flacken,  to  accommodate  her  to  a 
particular  wind.  But  the  eye  is  fabricated  with 
fuch  fuperior  wifdom,  and  the  principles  of  it's 
motion  fo  contrived,  that  it  requires  no  art  nor 
ingenuity  to  fee  by  it :  we  have  not  to  learn  what 
mufcles  we  are  to  contradl,  nor  which  we  are  to 
relax,  in  order  to  fit  the  eye  to  a  particular 
diftance  of  the  objeQ. 

But 

*  Reid's.  Incjuiry  into  the  Human  Mind* 
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But  although  we  are  not  confcious  of  the 
motions  we  perform,  in  order  to  fit  the  eyes  to 
the  diftance  of  the  objed:,  we  are  confcious  of  the 
effort  employed  in  producing  thefe  fenfations, 
and  probably  have  fome  fenfation  which  accom- 
panies them,  and  to  which  we  give  as  little  atten- 
tion as  to  many  other  fenfations ;  and  thus  a 
fenfation  confcioufly  exerted,  or  a  fenfation  con- 
fequent  upon  that  effort,  comes  to  be  conjoined 
with  the  diiiance  of  the  objcd:  which  gave  occa- 
iion  to  it,  and  by  this  conjundlion  becomes  one 
of  the  figns  of  that  diftance. 

That  we  are  capable  of  viewing  objedls  with 
nearly  equal  diftinclnefs,  though  they  be  placed  at 
confiderable  difiances  from  each  other,  is  evident ; 
but  the  alteration  which  takes  place  in  the  eye  for 
this  purpofe,  or  the  mechanifm  by  which  this 
effedt  is  produced^  is  not  eafily  afccrtained. 

It  fecms  clear  from  the  firfl:  view  of  the  fub- 
jedt,  that  when  feveral  objeds  are  at  different 
didances  before  us,  they  v/ill  not  appear  equally 
diftindl  at  the  fame  time.  Left  it  fhould  be 
fufpefted  that  the  indiflindnefs  in  this  cafe  may 
be  owing  to  the  impreffions  not  being  made  upon 
the  correfponding  fibrils  of  the  two  retinas,  let  us 
iv.ake  a  trial  with  one  eye  alone,  while  the  other 
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is  fhut_:  thus  place  two  fmall  objefls,  as  two 
pins,  one  behind  the  other,  and  let  the  one  be  at 
a  foot,  and  the  other  at  about  lix  inches  diflance 
fronri  the  eye.  Either  of  thefe  objedls,  whea 
looked  at,  will  appear  diftin(ft ;  but  the  other,  at 
the  fame  time,  although  it  be  in  the  axis  of  the 
eye,  will  be  confufed.  And  from  hence  it  is  very- 
clear,  that  the  fame  conformation  of  the  eye  is 
not  adapted  for  diftind:  vifion  at  all  diftances, 
and  that  the  eye  by  fome  means  changes  it's  con- 
formation, fo  as  it  may  be  better  fuited  for  vifion 
at  different  diftances. 

In  a  fimilar  manner  to  the  foregoing  experi- 
fnent,  if  the  eye  looks  attentively  upon  the  little 
fcratches  or  particles  of  duft  upon  a  window- 
glafs,  the  objedls  without  doors  will  be  indiftindl ; 
and  when  we  look  at  the  external  objedls,  the 
opake  particles  upon  the  giafs,  which  before 
werediftindt,  will  now  be  confufed.  It  alfo  fre- 
quently happens,  that  when  we  firft  look  at  an 
object,  it  will  appear  very  confufed,  which  con- 
fufion  will  vanifh  by  degrees,  and  in  a  little  time 
the  objeft  will  become  quite  diftindl. 

In  like  manner,  if  after  poring  fome  time  on  a 
book,  we  fuddenly  look  at  objeds  farther  off, 
they  will  at  firft  appear  confufed,  and  become 
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diftindler  by  degrees.  A  Gmilar  indiftin<5lneis 
takes  place,  when  from  looking  at  remote  objecls, 
we  fuddenly  look  at  one  that  is  near.  To  what 
€an  we  attribute  thefe  phaenomena,  but  to  a 
change  in  the  conformation  of  the  eye  for  vifion  at 
thefe  different  diftances;  a  change  which  requires 
fome  fmail  time  for  it's  performance.  It  cannot 
be  owing  to  the  lad  impreflion  on  the  eye  not 
being  obliterated  ;  for  in  that  cafe,  the  famiC 
confufion  would  be  obfervable  upon  fhifting  the 
eye  from  one  page  of  a  book  to  the  other. 

Thefe  phsenomena  are  Wronger  when  they  hap~ 
pen  without  our  thinking  upon  them  ;  for  when 
we  make  the  experiment  on  purpofe,  and  the 
mind  is  already  prepared  for  what  is  to  happen, 
it  has  time  in  part  to  fruftrate  our  defignj  the 
more  fo,  as  thefe  changes  are  fomewhat  painful. 

Authors  are  much  divided  in  their  opinions 
concerning  the  change  that  is  made  in  the  confor- 
mation  of  the  eye,  to  procure  diftind:  vilion  at 
different  diflances,  fome  thinking  it  to  be  a 
change  in  the  length  of  the  eye,  others  that  it 
is  a  change  in  the  figure  or  pofition  of  the  cryf- 
talUne  humour,  others  that  it  is  a  change  in 
the  cornea.  The  authors  of  each  opinion  have 
iheir  objedlions  to  all  the  reft,  and  perhaps  the 
%  truth 
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truth  may  lie  between  them  all.  As  the  rays  of 
light  fuffer  a  greater  refracflion  at  the  cornea  than 
they  do  afterwards,  it  is  plain  that  a  lefs  change, 
as  to  quantity,  in  the  radius  of  the  cornea,  will 
effedt  the  bufinefs,  than  would  be  fufficicnt  in  any 
other  part  of  the  eye  :  but  at  the  fame  time  it  mufl 
alfo  be  confclfed,  that  moft  perfons  who  have 
been  couched  for  catarads,  are  obliged  to  have 
glaffes  of  different  convexities,  in  order  to  have 
diftind  vifion  at  different  diitances;  from  whence 
it  feems  neceffarily  to  follow,  that  the  cryftalline 
humour  is  concerned  in  changing  the  conforma- 
tion of  the  eye  ;  perhaps  the  corneas,  and  the 
cryftalline,  if  not  fome  other  parts  of  the  eye 
befides,  may  contribute  to  produce  this  effect : 
and  that  in  order  to  obtain  diflind:  vifion  at  a 
nearer  diftance,  at  the  fame  time  the  cornea  is 
rendered  more  convex,  the  axis  of  the  eye  may 
be  a  little  lengthened,  the  cryftalline  made  more 
convex  and  brought  forwarder,  all  which  changes 
confpire  to  the  fame  end ;  and  the  contrary  for 
obtaining  vifion  at  a  greater  diftance. 

It  has  been  fhewn  by  writers  on  optics,  that  if 
an  objecl  be  viewed  diftindly  at  three  different 
diftances  from  the  eye,  the  firft  of  which  may 
be  the  leaft  diftance  at  which  it  can  be  viewed 
diftindly,  the  feccnd  double  the  Hrft,  and  the 
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third  infinite,  that  the  alterations  in  the  confor- 
mation of  the  eye,  neceffary  for  viewing  an  objed 
diftindly  at  the  firft  and  fecond  diftances,  whofe 
difference  is  but  fmall,  are  as  great  as  thofe  that 
are  necefTary  for  the  fecond  and  third,  whofe  dif- 
ference is  infinite. 

HencCj  if  a  fhort-fighted  perfon  can  read  a 
fmall  print  diftindlly,  at  two  different  diftances, 
whereof  the  larger  is  but  double  the  leffer,  as 
great  alterations  are  made  in  his  eyes,  as  in  one 
whofe  eyes  are  perfecl,and  that  can  fee  diffindly 
at  all  intermediate  diffanccs,  between  infinity 
and  the  largeft  of  the  two  former  diffances. 
For  the  fame  reafon,  a  ffiort-fighted  perfon  can 
fee  diflintlly  at  all  diliances,  with  a  fingle  con- 
cave of  a  proper  figure  ;  for  the  caufe  of  fhort- 
lightcdnefs  is  not  a  want  of  power  to  vary  the 
conformation  of  the  eye,  but  that  the  whole 
quantity  of  refradlions  is  always  too  great  for 
the  difiance  of  the  retina  from  the  cornea. 

We  may  hence  alfo  clearly  perceive  why  our 
eyes  are  fo  foon  fatigued  in  looking  at  near 
objeds ;  for  in  this  cafe,  the  mufcles  of  the  eyes, 
and  the  ligamentum  ciliare,  are  obliged  to  make 
a  confiderable  effort,  to  give  the  eyes  the  necef- 
fary  conformation,  which  effort  being  greater  in 
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proportion  as  the  objed:  is  nearer,  mufl:  be  pain- 
ful and  laborious  when  the  objecfl  is  very  nigh. 

When  the  eye  has  been  attentively  fixed  on 
an  objcL.l  at  fome  determined  difiance,  it  cannot 
immediately  fee  another  object  diftindly  ;  whether 
it  be  at  a  greater  or  a  Icffcr  difcancej  it  appears 
confufed  and  imperfe^il:,  till  the  eye  has  adapted 
itfelf  to  the  difiance  at  which  the  objed:  is 
placed. 

Of  the  Pupil  of    the  Eye,   and  of  its 
Motions. 

In  fpeaking  of  the  Uruclure  of  the  eye,  vie 
have  fhcwn  that  the  uvea  has  a  fmall  round  hole 
in  the  middle,  called  the  pupil,  through  which 
the  rays  muft  ail  pafs  before  they  can  get  to  the 
bottom  of  the  eye,  and  paint  the  images  of 
objedls  on  the  retina.  The  confideration  of  the 
various  affcctiions  of  this  part  of  the  eye,  will  be 
found  of  greaii?importance,  both  to  the  vender 
and  purchafer  of  fpeaacles;  for  upon  the  Hate 
and  aperture  of  the  pupil,  the  requifire  degree 
of  magnifying  power  very  much  depends. 

The  author  of  nature  has  proportioned  the 
iT.agnitude  of  the  pupil,  fo  mat  it  may  bed 
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anfwer  the  purpofes  of  vifion,  and  the  fenfibility 
of  the  retina :  if  it  were  too  large,  the  retina 
would  be  fatigued,  and  burnt  up  by  the  great 
quantity  of  light.  Hence  it  is  that  thofe  crea- 
tures caanot  bear  the  light  of  day,  who,  in  order 
xo  fearch  for  and  procure  their  food  at  nighr, 
have  the  pupil  of  their  eyes  very  large.  Further, 
if  this  aperture  had  been  much  larger  than  it  really 
is,  the  eye  would  not  have  been  a  dark  cell,  and 
fo  much  adventitious  hght  would  hav^j  entered, 
as  to  render  the  picture  upon  the  retina  obfcure 
and  indiftind: :  for  as  in  the  camera  obfcura,  the 
piflures  are  mofi:  lively  and  perfe6l  when  all  the 
light  is  excluded,  but  what  comes  from  the  ob- 
jedt,  and  ferves  to  form  the  piclure  ;  fo  it  is 
with  our  eyes  ;  the  pidlure  on  the  retina  is 
mod  perfed:  when  all  extraneous  light  is  excluded, 
and  none  mixes  with  the  pi6lure,  but  what  tends 
to  it's  formation. 

On  the  other  hand,  if  the  pupil  had  been  very 
fmall,  it  would  not  have  admitted  a  fufficient 
quantity  of  light;  the  imprcffion  on  the  retina 
would  have  been  weak,  and  the  pi6lurc  faint  and 
obfcure  ;  when  the  pupil  is  very  fmall,  convex 
glalTes  are  neceiTary,  in  order  to  increafe  the 
quantity  of  light. 
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All  animals  have  a  power  of  contradling  and 
dilating  the  pupil  of  their  eyes.  The  natural 
ftate  appears  to  be  that  of  dilatation,  and  thecon- 
tradion  a  flate  of  violence,  produced  by  an  effort 
originating  in  the  mind.  When  the  light  is  too 
ftrong,  or  the  objedl  too  bright,  we  contradl  the 
pupil,  to  intercept  that  part  of  the  light  which 
would  injure  the  eye  ;  but  when  the  light  is  weak, 
we  dilate  the  pupil,  that  more  light  miay  enter  the 
eye.  If  a  perfon  look  towards  the  fun,  you  will 
obferve  the  pupil  become  exceeding  fmall ;  but  if 
he  turns  his  eyes  from  the  light,  and  be  gradually 
brought  into  a  dark  place,  you  will  obferve  the 
pupil  to  dilate,  in  proportion  as  the  light  becomes 
more  faint  and  obfcure. 

There  are  alfo  other  circumflances  v;hich  will 
caufe  the  pupil  to  contrad:,  as  when  the  obje6l  is 
nearer  the  eye  than  the  limits  of  diftinft  vilion : 
for  in  this  cafe,  many  pencils  of  the  rays  pro- 
ceeding from  the  objecl  are  too  diverging  to  be 
united  in  correfponding  pdints  on  the  retina ;  but 
by  tontradling  the  pupil,  many  of  thefe  rays  are 
excluded,  and  the  pidlure  is  rendered  more 
diftind.  It  is  for  this  purpofe,  that  many  fhort- 
fighted  perfons  contract  a  habit  of  corrugating 
their  eyebrows  in  reading,  a  habit  which  would 
be  prevented  by  the  ufe  of  concave  fpedacles. 

F  Dr, 
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Dr.  Jarin  has  fhewn,  that  the  contradion  of 
the  pupil  does,  in  general,  depend  more  upon  the 
llrength  of  the  light,  than  on  the  fenfation  of 
Gonfufionin  the  objcd.  Let  any  perfon  take  a 
book  by  day-light,  and  Rand  near  the  middle  of 
a  room,  with  his  back  to  the  light,  and  then 
hold  the  book  fo  near,  that  the  letters  may  ap- 
pear indidina,  but  not  fo  much  fo,  but  that 
they  may  be  read,  though  with  difficulty;  on 
turning  towards  the  light,  it  will  be  read  with 
more  eafe.  Again,  holding  the  book  at  the  fame 
diftance,  go  into  the  darkeft  part  of  the  room, 
and  landing  with  your  back  to  the  light,  you 
will  find  the  book  not  at  all  legible;  but  on 
coming  to  the  window,  with  your  face  to  the 
light,  you  will  be  able  to  read  with  eafe  and 
diflindlnefs.  A  perfon  who  has  ufed  fpedacles 
for  fome  years,  v^'ill  in  the  fun-fhine  be  able  to 
read  without  them. 

When  we  have  been  for  fome  time  in  a  place 
much  illuminated,  or  if  the  eye  has  been  too  long 
expofed  on  a  refplcndent  obje^,  and  then  views 
objects  that  are  Icfs  fo,  or  goes  into  a  darker  place, 
it  will  for  a  little  time  be  imipaired,  and  unable  to 
perform  it's  proper  fundions.  The  fame  wilj 
alfo  happen  from  the  contrary  circumftances,  if 
we  go  from  a  faint  light  into  one  that  is  much 
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brighter  ;  in  either  cafe  the  pupil  has  not  time  to 
conform  itfelf  to  the  fudden,  but  neceiiary  change, 
for  feeing  difiindly  under  the  new  circumflances. 
From  hence  we  may  infer,  that  opake  fhadcs 
round  a  candle,  inftcad  of  prefcrving  and  pro- 
teding  the  eye,  mud  be  neceffarily  prejudicial  to 
it. 

There  is  a  kind  of  fympathy^  or  concord,  in 
the  motion  of  the  pupils  of  both  eyes,  fo  that 
when  one  is  contradled,  the  other  contraBs  alfo  ; 
when  one  is  dilated,  the  other  alfo  dilates,  though 
neither  the  dilatation  nor  contraction  are  equal. 
Many  grofs  overfights  have  arifcn,  and  fome 
dangerous  miftakes  have  been  made,  by  oculiflsj 
according  to  Potterfield,  from  their  not  attending 
to  this  fundamental  law  concerning  the  pupil. 
By  this  law,  many  curious  particulars,  relative  to 
vifion,  may  be  elucidated  :  I  fhall  only  notice 
one  ;  M.  de  la  Hire  has  obferved,  that  after  any 
one  has  viewed  for  fome  time  a  very  luminous  ob- 
]c£t  through  a  telefcope,  objects  will  appear  much 
darker  to  that  eye,  than  to  the  other  that  was 
kept  fliut :  here  the  brightnefs  of  the  objed: 
caufes  the  pupil  of  the  eye  to  contradl  con- 
liderably ;  but  the  other  pupil  only  contraQing  by 
fympathy,  the  aperture  remains  larger,  it  will 
therefcre  admit  more  light,  and  the  objeds  feen 
F  2  hy 
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by  it  will  be  brighter.  This  experiment  fhouM 
be  made  at  night,  or  in  the  evening. 

From  this  expanding  and  contradling  power  of 
the  eye,  we  may  learn,  why  the  eye  fees  beft 
when  furroimded  with  darknefs ;  for  the  pupil, 
by  dilating,  accommodates  itfelf  as  much  as 
poffible  to  the  quantity  of  hght,  dilating  confider- 
ably  when  the  eye  is  in  darknefs,  and,  ceteris 
paribus,  objedls  are  feen  moft  clearly  when  the 
pupil  is  moft  dilated ;  behdes,  when  the  eye  is 
in  the  dark,  the  pidlure  on  the  retina  is  neither 
confufed  nor  difturbed  by  adventitious  rays ; 
hence,  thofe  who  are  in  a  very  bright  light,  when 
they  want  to  diftinguifli  accurately  a  diftant  ob- 
jed:,  either  deprefs  the  eyebrows,  or  apply  the 
hand  to  the  forehead :  hence  alfo,  a  perfon,  by 
placing  himfelf  in  the  dark,  and  employing  a 
long  tube,  will  form  a  fpecies  of  telefcope,  pro- 
ducing a  greater  efTed:  than  might  at  fir  ft  be  con- 
ceived :  it  was  on  this  principle  that  the  ancients 
ufed  a  deep  pit,  in  order  to  fee  the  ftars  in  the 
day-time.  From  hence  we  alfo  learn,  why  a 
perfon  from  within  a  chamber  can  perceive  the 
objedls  that  are  without,  while  thofe  that  are  out 
of  doors  cannot  fee  the  obje8s  that  are  within : 
for  when  we  are  out  of  doors,  the  pupil  is  con- 
traded,  and  only  a  fmall  portion  of  the  light  that 
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is  reflected  from  the  objedls  within  the  chamber, 
can  pafs  to  the  retina ;  while  on  the  contrary, 
thofe  within  have  the  pupil  more  dilated,  and 
the  objects  that  are  without  are  alfo  more  (Irongly 
illuminated  ;  befides  which,  their  view  of  objeds 
is  net  much  obftrucled  by  the  refiedion  of  the 
window-glafs. 

It  is  furprizinghovv  fir  the  eye  can  accommo- 
date itfelf  to  darknefs,  and  make  the  beft  of  a 
gloomy  fituation.    When  firft  taken  from  the 
light,  and  brought  into  a  dark  room,  all  things 
difappcar  ;  or  if  any  thing  is  fcen,  it  is  only  the 
remaining  radiations  that  fiill  continue  in  the 
eye;  but  after  a  very  little  time,  the  eye  takes 
advantage  of  the  fmallefi:  ray,  which  is  confirmed 
by  the  following  curious  account,  related  by  Mr. 
Boyle.    In  the  time  of  Charles  the  firfl,  there 
was  a  gentleman,  who,  fiiaring  in  his  worthy 
mailer's  misfortunes,    was   forced  abroad  ;  at 
Madrid,  in  attempting  to  do  his  king  a  fignal 
fervice,  he  failed  ;  in  confequence  of  this,  he  was 
confined  in  a  dark  and  difmal  dungeon,  into 
which  the  light  never  entered,  and  into  which 
there  was  no  opening  but  by  a  hole  at  the  top, 
down  which  the  keeper  put  his  provifions,  pre- 
fently  clofing  it  again.    The  unfortunate  loyalift 
continued  for  feme  weeks  in  this  dark  dungeon, 
F  3  quite 
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quite  difconfolate  ;  but,  at  laft,  began  to  think 
he  faw  fome  glimmering  of  light :  this  dawn  of 
light  increafed  from  time  to  time,  fo  that  he 
could  not  only  difcover  the  parts  of  his  bed,  and 
fuch  other  large  objects,  but,  at  length,  he  could 
perceive  the  mice  that  frequented  his  dungeon, 
to  eat  the  crumbs  that  fell  upon  the  ground. 
When  fct  at  liberty,  he  could  not,  for  fome  days, 
venture  to  leave  his  cell,  left  the  brightnefs  of 
ijie  light  fliould  blind  him  ;  but  was  obliged  to  ~" 
accuftom  his  eyes,  by  flow  and  gradual  degrees, 
to  the  light  of  day. 

Of  imperfect  Sight. 

There  is  no  branch  of  fciencc,  of  which  it  is 
more  important  that  a  general  knowledge  fhould 
be  diffufed,  than  that  part  which  treats  of  the 
various  imperfccSlions  of  fight,  and  the  remedies 
for  them.  To  relieve  an  organ  which  is  the 
fource  of  the  moft  refined  pleafure,  is  certainly  a. 
defirable  objedl :  to  enable  thofe  who  are  in  want 
of  afliflance,  to  determine  whether  fpe6i:acles  will 
be  advantageous  or  detrimental,  and  what  kind 
■will  bell:  fuit  their  fight ;  and  fo  infirudl  thofe 
"who  already  ufe  glafles,  that  they  may  difcover 
whether  thofe  they  have  chofen  are  adapted  to  the 
imperfedlion  of  their  fight,  or  are  fuch  as  will  in- 

creafe 


ESSAY    ON  VISION. 


8; 


creafc  their  complaint,  and  weaken  their  eyes, 
are  fubjedls  worthy  the  confideration  of  every 
individual;  and  conftitute  the  principal  bufinefs 
of  the  remainder  of  this  work;  to  this  end  we 
fhall,  in  the  firft  place,  explain  what  we  mean  by 
an  imperfedion  of  fight. 

We  here  underhand  by  imperfe£l:  fight,  an 
abfolute  or  relative  debility  of  it,  without  any 
"  opacity,  either  in  the  cornea  or  other  internal 
parts  of  the  eye. 

The  fight  is  relatively  imperfcdl:,  when  we  can- 
not fee  an  objed  difiindlly  in  a  common  light, 
and  at  all  the  ufual  difiances  at  which  it  is  ob- 
ferved  by  an  eye  in  a  perfect  (late. 

In  this  fenfe,  both  the  long  and  fliort-fighted 
are  faid  to  have  an  imperfedl  fight.  The  fhort- 
fighted  fee  difiant  objcQs  confufedly,  thofe  that 
are  near  at  hand  dillindlly  ;  their  fight  is  therefore 
defective  with  refpedl  to  diftant  objedis  :  on  the 
other  hand,  the  long-fighted  fee  difiant  objedis 
difiindlly,  near  objedts  confufedly. 

An  imperfedt  fight  is  occafioned  by  a  confufion 
in  the  image  formed  upon  the  retina  ;  this  hap- 
pens whenever  all  the  rays  that  proceed  from  any 
F  4  one 
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one  point  of  an  objed:,  are  not  united  again  in 
one,  but  on  different  points  of  the  retina:  or 
whenever  feveral  pencils  of  light,  from  different 
points  of  an  objed,  terminate  upon  one  point  of 
the  image.  This  fpecies  of  confufion  takes  place 
both  in  long  and  ftiort-fighted  eyes. 

An  imperfedl  fight  differs  from  an  amaurofis  or 
gutta  ferena ;  for  in  the  latter  the  fight  is  entirely 
loft,  and  the  pupil  becomes  immoveable ;  though 
if  one  eye  remain  found,  the  pupil  of  the  blind 
eye  will  be  moved  with  the  pupil  of  the  found 
one ;  but  if  the  found  eye  be  fhut,  the  pupil  of 
the  blind  eye  will  be  deftiiute  of  morion. 

Of  long  or  old-sighted  Eyes. 

To  detail  thofe  circumftances  which  ^re,  in 
general,  marks  of  advancing  age,  and  always  of 
partial  infirmity,  muil  be  ever  unpieafant,  and 
would  be  equally  unnecefiiiry,  if  it  were  not  the 
meanof  leifening  the  inconveniences  attendant  on 
thofe  ft  ages  of  life. 

By  the  long-fighted,  remote  objedls  are  feen 
diftindly,  near  ones  confufedly  ;  and  in  propor- 
tion as  this  defedl  increafes,  the  nearer  objeds 
become  more  indiflind,  till  at  length  it  is  found 
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almoft  impoffible  to  read  a  common -fized  print 
without  afliftancc.  An  imperfed  and  confufed 
image  is  formed  upon  the  jrctina,  becauie  the 
rays  of  light  that  come  from  the  feveral  points  of 
an  objed:,  at  an  ordinary  diftance,  are  not  fuf. 
ficiently  refraded,  and  therefore  do  not  meeC 
upon  the  retina,  but  beyonq  it. 

Various  are  the  caufes  which  mayoccaiion  this 
defeCl ;  if  the  convexity  of  the  cornea  be  leflened, 
or  if  either  fide  of  the  cryfianine  becomes  flatter, 
this  effed  will  be  produced  :  if  the  retina  be  re- 
moved roo  far  from  the  cornea  or  cryflaUine,  it 
will  give  rife  to  the  famedefedl,  as  will  alfo  a  lefs 
refradtive  power  in  the  pellucid  parts  of  the  eye ; 
in  like  manner,  too  great  a  proximity  of  the 
objeds,  or  too  fm.all  a  pupil,  will  prevent  the 
rays  from  uniting  till  they  are  beyond  the  retina ; 
but  if  all  thefe  caufes  concur  together,  the  efFeft 
is  greater.  This  dcfedl  is,  however,  in  general, 
attributed  to  a  fl^rinkirig  of  the  humours  of  the 
eye,  which  caufes  the  cornea  and  cryftalline  to 
lofe  their  original  convexity,  and  to  become 
flatter. 

By  one  or  other  of  thefe  caufes,  thofe  who  were 
^ccuifomed  in  their  youth  to  read  a  common 
^i^Q  print,  at  about  twelve  or  fourteen  inches 
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^iflance  from  their  eyes,  are  obliged  to  remove 
the  book  to  two  or  three  feet  before  they  can  fee 
the  letters  diftindlly,  and  read  with  comfort. 
But  in  proportion  as  the  objedl  is  removed  from 
the  eye,  the  image  thereof  on  the  retina  becomes 
fmaller,  and  confequently  fmall  obje(5ls  will  not 
always  be  perceivable  at  that  diflance,  to  which 
thofe  in  this  ftate  find  it  neceffary  to  remove 
them,  in  order  to  attain  any  degree  of  diflindl 
vilion;  the  further  alfo  the  objedl  is  removed, 
^he  lefs  light  will  enter  the  eye,  and  the  image 
wiWy  of  courfe,  be  fainter. 

Hence,  thofe  who  are  long-fighted  require 
more  light  to  enable  them  to  read,  than  they  did 
while  their  eyes  were  in  their  perfe6l  flate ;  and 
this  not  only  becaufe  they  are  obliged  to  remove 
ihe  book  to  a  greater  diftance,  but  becaufe  the 
pupil  of  their  eye  is  fmaller,  and  therefore  a 
greater  inteniity  of  light  is  neceffary  to  produce  a 
fufficient  impreflion  on  the  retina,  and  compen- 
fate  for  the  defedl  by  a  greater  fplendor  and  illu- 
mination of  the  objedl. 

Increaiing  years  have  a  natural  tendency  to 
bring  on  this  defed,  and  earlier  among  thofe 
who  have  made  the  lead  ufe  of  their  eyes  in 
their  youths  but  whatever  car^  be  taken  of  the 
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fight,  the  decays  of  nature  cannot  be  prevented : 
the  humours  of  the  eye  will  gradually  waRe  and 
decay,  the  refradive  coats  will  become  flatter, 
and  the  other  parts  of  the  eye  more  rigid  and 
kfs  pliable;  thus  the  latitude  of  diftind  vifion 
will  become  contradled:  it  is  alfo  highly  proba- 
ble, that  the  retina  and  optic  nerve  lofe  a  portion 
of  their  fenfibility. 

Though  it  is  in  the  general  courfe  of  nature, 
that  this  defed:  fliould  augment  with  age,  yet 
there  are  not  wanting  inftances  of  thofe  who 
have  recovered  their  fight  at  an  advanced  period, 
and  been  able  to  lay  afide  their  glalTes,  and  read 
and  write  with  pleafure,  without  any  artificial 
affi fiance.  Among  m.any  caufes  which  may  pro- 
duce this  effcd,  the  moR  protaole  is,  that  it 
generally  arifes  from  a  decay  of  the  fat  in  the 
bottom  of  the  orbit;  the  prelTure  in  this  part 
jceafing,  the  eye  expands  into  fomevvhat  of  an 
oval  form,  and  the  retina  is  removed  to  a  due 
focal  diftance  from  the  cryfialline. 

It  is  a  certain  and  very  important  fad,  that 
long-fightcdnefs  may  be  acquired;  for  country- 
men, failors,  and  thofe  that  are  habituated  to 
look  at  remote  objeds,  are  generally  long-fighted, 
>yant  fpedacles  fooneR,  and  ufe  the  deepeft  rnag- 
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jiifiersj  on  the  other  hand,  the  far  greater  part 
af  the  fhort-fighted  are  to  be  found  among 
Undents,  and  thofe  artifts  who  are  daily  conver- 
fant  with  fmall  and  near  objeQs;  every  man 
becoming  expert  in  that  kind  of  viiion,  which  is 
moft  ufeful  to  him  in  his  particular  profeflion 
and  manner  of  life :  thus  the  miniature  painter, 
and  engraver,  fee  very  near  objcds  better  than  a 
failor;  but  the  failor  perceives  diftant  objed:s 
better  than  they  do:  the  eye  in  both  cafes  endea- 
vouring to  preferve  that  configuration  to  which 
it  is  moft  accuftomed.  In  the  eyes,  as  well  as 
other  parts  of  the  body,  the  mufcles,  by  conftant 
exercife,  are  enabled  to  ad  with  more  eafe  and 
power,  but  are  enfeebled  by  difufe;  the  elaftic 
parts  alfo,  if  they  are  kept  too  long  firetched, 
lofe  part  of  their  elafticity  ;  while  on  the  other 
hand,  if  they  be  feldom  exercifed,  they  grow  ftiff, 
and  are  not  eafily  diftended.  From  the  conlide- 
ration  of  thefe  fads,  we  may  learn,  in  a  great 
meafure,  how  to  preferve  our  eyes ;  by  habituat- 
ing them  occafionally  to  near  as  well  as  diftant 
objects,  we  may  maintain  them  longer  in  their 
perfed  ft  ate,  and  be  able  to  poftpone  the  ufe  of 
fpedacles  for  m^any  years ;  but  we  may  alfo  in- 
fer from  the  fame  premifcs,  that  there  is  great 
danger,  when  the  eyes  are  become  long-fighted, 
of  deferring  too  long  the  ufe  of  fpedacles,  or 
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uling  thofe  that  magnify  too  much,  as  we  may 
by  either  method  fo  flatten  the  eye,  as  to  lofe 
entirely  the  benefits  of  naked  vifion.  It  may 
not  be  improper  in  this  place  to  remark,  that 
the  long^fighted  eye  is  much  more  liable  to  be 
injured  by  too  great  a  degree  of  light,  than  thofe 
that  are  fiiort-fighted. 

Objeds  that  appear  confufed  to  the  long- 
fighted,  will  be  rendered  more  diftindl,  if  they 
view  them  through  a  fmall  hole,  fuch  as  that 
made  by  a  pin  in  a  card,  becaufe  it  excludes 
thofe  diverging  rays  which  are  the  principal 
fource  of  confufion;  but  as  it,  at  the  fame  time, 
intercepts  a  confiderable  portion  of  the  light, 
it  is  by  no  means  an  adequate  remedy.  The  bed 
relief  they  can  obtain  is  from  convex  glafles, 
for  by  thefe  the  rays  of  light  that  proceed  from 
the  objed,  are  fo  refracted,  as  to  fall  upon  the 
retina,  in  the  fame  manner  as  if  they  ifilied  from 
a  diflant  point.  Spedlacles  afford  two  advan- 
tages, for  they  not  only  render  the  picture  of 
objeds  diftind  upon  the  retina,  but  they  alfo 
make  it  as  flrong  and  as  lively,  as  if  the  pupil 
was  much  larger  in  diameter. 


Of 
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Of  Spectacles. 

The  difcovery  of  opttcal  inftriiments  may  be 
cl!eemcd  among  the  moft  noble,  as  well  as  among 
the  moft  ufefiil  gifts,  uhich  the  Supreme  Artifl: 
liath  conferred  on  man.  For  all  admirable  as 
ihe  eye  came  out  of  the  bands  of  him  who  made 
it,  yet  he  has  permitted  this  organ  to  be  mint 
affiled  by  human  contrivance,  than  any  other 
of  the  animal  frame,  and  that  not  only  for  the 
ufes  and  comforts  of  common  life,  but  for  the 
advancement  of  natural  fcience;  whether  by  giv- 
ing form  and  proportion  to  the  minute  parts 
of  bodies,  that  were  imperceptible  to  the  un- 
affifted  fight,  or  by  contracting  fpace,  and  as  by 
magic  art,  bringing  to  view  the  grander  objeds 
of  the  univerfe,  which  were  rendered  inviiible 
by  their  immenfe  diftance  from  us.  *  Noble  as 
thefe  inventions  are,  the  difcovery  of  fpedtacles 
may  ftill  claim  the  fuperiority,  as  being  of  more 
univerfal  benefit,  and  more  extenfive  ufe«  They 
reftore  and  preferve  to  us  one  of  the  mofb  noble 
and  valuable  of  our  fenfes;  they  enable  the  me- 
chanic to  continue  his  labour^  and  earn  a  fub~ 
liftence  by  the  work  of  his  hand,  till  the  extreme 
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of  old  age.  By  their  aid  the  fcholar  purfues 
his  ftudies,  and  recreates  his  mind  v\ith  inrel- 
ledual  pleafures,  and  thus  pafFcs  away  days  and 
years  with  delight  and  fatisfadlion,  that  might 
otherwi/e  have  been  devoured  by  melancholy,,  or 
wafted  by  idlenefs. 

As  fpedlacles  are  defigned  to  remedy  the  de- 
fects of  fight,  it  is  natural  to '  wifh,  that  the 
materials  of  which  they  are  formed  fhould  be 
as  perfect  as  the  eye  itfelf;  but  vain  is  the  willi, 
for  the  materials  we  ufe,  like  every  thing  human, 
are  imperfedl:,  and  yet  we  may  deem  ourfclves 
happy,  to  have  in  glafs  a  fubiiitute  fo  analagous 
to  the  humours  of  the  eye,  a  fubftance  which 
gives  new  eyes  to  decrepid  age,  and  enlarges  the 
views  of  philofophy.  The  two  principal  defeQs 
are,  fmall  threads  or  veins  in  the  glafs,  and  minute 
fpecks.  The  threads  are  moft  prejudicial  to 
the  purpofes  of  vifion,  becaufe  they  refrad  the 
rays  of  light  irregularly,  and  thus  diftort  the 
objedt,  and  fatigue  the  eye;  whereas  the  fpecks 
only  leflen  the  quantity  of  light,  and  that  in  a 
very  fmall  degree. 
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General    Rules    for   the   Choice  of 
Spectacles. 

The  mof!  general,  and  perhaps  the  befl:  rule 
that  can  be  given,  to  thofe  who  are  in  want  of 
affiflancefrom  glalTes,  in  order  fo  to  choofe  their 
fpedacics,  that  they  may  fuit  the  flate  of  their 
eyes;  is  to  prefer  thofe  which  fnev;  objeds  neareft 
their  natural  (late,  neither  enlarged  nor  dimi- 
niilied,  that  give  a  blacknefs  and  diftinclnefs  to 
the  letters  of  a  book,  neither  draining  the  eye, 
nor  caufing  any  unnatural  exertion  of  the  pupil. 

For  no  fpedlacles  can  be  faid  to  be  properly 
accommodated  to  the  eyes,  which  do  not  pro- 
cure them  eafe  and  reft  ;  if  they  fatigue  the  eyes, 
we  may  fafely  conclude,  either  that  we  have  no 
occaiion  for  them,  or  that  they  are  ill  made,  or 
not  proportioned  to  our  fight. 

Though,  in  the  choice  of  fpedlacles,  every  one 
muft  finally  determine  for  himfelf,  which  are 
the  glaffes  through  which  he  obtains  the  moft 
diftind  vifion;  yet  fome  confidence  fliould  be 
placed  in  the  judgment  of  the  artifi",  of  whom 
they  are  purchafed,  and  fome  attention  paid  to 
his  diredipns.  By  trying  many  fpedacles  the 
5  eye 
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eye  is  fatigued,  as  the  pupil  varies  in  fize  with 
every  different  glafs,  and  the  eye  endeavours  to 
acconnmodate  itfelf  to  every  change  that  is  pro- 
duced. Hence,  the  purchafer  often  fixes  upon 
a  pair  of  fpedlacles,  not  the  beft:  adapted  to 
his  light,  but  thofe  which  feem  to  relieve  him 
moft,  while  his  eyes  are  in  a  forced  and  unna- 
tural ftate;  and  confequently,  when  begets  home, 
and  they  are  returned  to  their  natural  ftate,  he 
finds  what  he  had  chofen,  fatiguing  and  in- 
jurious to  his  fight. 

Of   Preservers,  and  Rules  for  the 
Preservation  of  the  Sight. 

Though  it  may  be  impoffible  to  prevent  the 
abfolute  decay  of  fight,  whether  arifing  from  age, 
partial  difeafe,  or  illncfs,  yet  by  prudence  and 
good  management,  it*s  natural  failure  may  cer- 
tainly be  retarded,  and  the  general  habit  of  the 
eyes  fi:rengthened,  which  good  purpofes  will  be 
promoted  by  a  proper  attention  to  the  following 
maxims. 

I.  Never  to  fit  for  any  length  of  time  in  ab- 
folute gloom,  or  expofed  to  a  blaze  of  light. 
The  reafons  on  which  this  rule  is  founded, 
prove  the  impropriety  of  going  haftily  from  one 
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extreme  to  the  other,  whether  of  darknefs  or  of 
light,  and  fliew  us,  that  a  fouthern  afpedl  is 
improper  for  thofe  whofe  fight  is  v;eak  and 
tender. 

2.  To  avoid  reading  a  fmall  print, 

J.  Not  to  read  in  thedufk;  nor,  if  the  eyes 
be  difordered,  by  candle-light.  Happy  thofe 
who  learn  this  lelTon  betimes,  and  begin  to  pre- 
ferve  their  fight,  before  they  are  reminded  by 
pain,  of  the  necefliry  of  fparing  them ;  the 
frivolous  attention  to  a  quarter  of  an  hour  of  the 
evening,  has  cofi:  numbers  the  perfedl  and  com- 
fortable ufe  of  their  eyes  for  many  years  :  the 
mifchief  is  effected  imperceptibly,  the  confe- 
quenc'es  are  infeparable* 

4.  The  eye  (hould  not  be  permitted  to  dwell 
on  glaring  objedls,  more  particularly  on  firft 
waking  in  a  morning ;  the  fun  fliould  not  of 
courfe  be  fufFercd  to  fhine  in  the  room  at  that 
time,  and  a  moderate  quantity  of  light  only  be 
admitted.  It  is  eafy  to  fee,  that  for  the  fame 
reafons,  the  furniture  of  a  bed  fhould  be  neither 
altogether  of  a  white  or  red  colour;  indeed,  thofe 
whofe '  eyes  are  weak,,  would  find  confiderable 
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advantage  in  having  green  for  the  furniture  of 
their  bed-chamber.  Nature  confirms  the  pro- 
priety of  the  advice  given  in  this  rule  :  for  the 
hght  of  the  day  comes  on  by  flow  degrees,  and 
green  is  the  univerfal  colour  fhe  ^meiW^^lfd-^Our 


eye  J 


5.  The  long-lighted  ihould  accu^&^!;t%ei^^^^ 
felves  to  read  with  rather  lefs  light,  ani 
what  nearer  to  the  eye  than  u'hat  they  naturally 
like;  while  thofe  that  are  fhort-fighted,  fhould 
rather  ufe  themfelvcs  to  read  with  the  book  as 
far  off  as  pofTible.  By  this  means,  both  would 
improve  and  ftrengthen  their  fight ;  while  a 
contrary  courfe  will  increafe  it's  natural  im- 
perfed:ions. 

There  is  nothing  which  preferves  the  fight 
longer,  than  always  ufing,  both  in  reading  and 
writing,  that  moderate  degree  of  light  which  is 
bed  fuited  to  the  eye ;  too  little  drains  them,  too 
great  a  quantity  dazzles  and  confounds  them. 
The  eyes  are  lefs  hurt  by  the  want  of  light,  than 
by  the  excefs  of  it ;  too  little  light  never  does  an/ 
harm,  unlefs  they  are  firained  by  efforts  to  fee 
objeds,  to  which  the  degree  of  light  is  in- 
adequate; but  too  great  a  quantity  has,  by  it's 
own  power,  dcfi:royed  the  fight.  Thus  many 
have  brought  on  themfelves  a  cataradt,  by  fre- 
G  2  quently^ 
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quently  looking  at  the  fun,  or  a  fire  ;  others  havs 
loft  their  fight,  by  being  brought  too  fijddenl}^ 
from  an  extreme  of  darknefs  into  the  blaze  of  day. 
How  dangerous  the  looking  upon  bright  luminous 
objedls  is^  to  the  fight^  is  evident  from  it*s  efl^edls 
in  thofe  countries  which  are  covered  the  greater 
part  of  the  year  with  fiiow,  where  blindnefs  is 
exceeding  frequent,  and  where  the  traveller  is 
obliged  tQ  cover  his  eyes  with  crape,  to  prevent 
the  dangerous,  and  often  fudden  effeds  of  too 
much  light:  even  the  untutored  favage  tries  to 
avoid  the  danger,  by  framing  a  little  wooden 
cafe  for  his  eyes,  with  only  two  narrow  flits% 
A  momentary  gaze  at  the  fun,  will,  for  a  time, 
unfit  the  eyes  for  vifion,  and  render  them  infenfi- 
ble  to  impreflions  of  a  milder  nature^ 

The  following  cafes  from  a  fmall  tradi:  on 
she  "  Fabric  of  the  Eye,"  are  fo  applicable  to 
the  prefent  article,  as  to  want  no  apology  for 
their  infertion  here ;  though  if  any  were  necef- 
fary,  the  ufe  they  will  probably  be  of  to  thofe 
whofe  complaints  arife  from  the  fame  or  fimilar 
caufes,  would,  I  prefume,,  be  more  than  fuf~ 
ficient. 

"  A  lady  from  the  country,  coming  to  refide 
in  St.  Jaraes's-fquarCj  was  afflided  with  a  pain  m 
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kcr  eye,  and  a  decay  of  fight.  She  could  not 
bok  upon  the  ftones,  when  the  fun  (hone  upon 
them,  without  great  pain.  This,  which  ihc 
thought  was  one  of  the  fymptoms  of  her  dif- 
order,  was  the  real  caufe  of  it.  Her  eyes,  which 
had  been  accuftomed  to  the  verdure  of  the  coun- 
try, and  the  green  of  the  paflure  grounds  before 
her  houfe,  could  not  bear  the  violent  and  un- 
natural glare  of  light  refledled  from  the  ftones; 
fhe  was  advifed  to  place  a  number  of  fmali 
Grange  trees  in  the  windows,  fo  that  their  tops 
might  hide  the  pavement,  and  be  in  a  line  with 
the  grafs.  She  recovered  by  this  fimple  change 
in  the  light,  without  the  afTiftance  of  any  medi- 
cine ;  though  "her  eyes  were  before  on  the  verge 
of  little  lefs  than  blindnefs/* 

A  gentleman  of  the  law  had  his  lodgings  in 
Pall-mall,  on  the  north-fide,  his  front  windows 
were  expofed  to  the  full  noon  fun,  while  the 
back  room,  having  no  opening,  bur  into  a  fmall 
clofeyard,  furrounded  with  high  walls,  was  very 
dark;  he  wrote  in  the  back  room,  and  ufed  to 
come  from  that  into  the  front  to  brcakfaH,  Sec. 
his  fight  grew  weak,  and  he  had  a  conftant  pain 
in  the  balls  of  his  eyes ;  he  tried  vifual  glafles, 
and  fpoke  with  oculifls,  equally  in  vain.  Be- 
ii^g  foon  convinced,  that  the  coming  fuddenly 
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out  of  his  du&y  ftudy,  into  the  full  blaze  of 
fun-fhine,  and  that  very  often  in  the  day,  had 
been  the  real  caufe  of  liis  diforder;  he  took  new 
lodgings,  by  which,  and  forbearing  to  write  by 
candle-light,  he  was  very  foon  cured.** 

Blindnefs,  or  at  leaft  miferable  weakneffes  of 
fight,  are  often  brought  on  by  thefe  unfufpeded 
caufes.  Thofe  who  have  weak  eyes,  fliould 
therefore  be  particularly  attentive  to  fuch  cir- 
cumflances,  fmce  prevention  is  eafy,  but  the 
cure  may  be  difficult,  and  fonaetimes  ipapradi- 
cable. 

I  hope  I  (hall  not  be  thought  to  have  ftepped 
improperly  out  of  the  line  of  my  profefTion,  in  re- 
commending the  following  remedy,  when  a  decay 
or  weaknefs  of  fight  comes  on  earlier  than  might 
reafonably  be  expecled,  and  without  any  difeafe, 
or  other  apparent  caufe;  if  it  does  not  anfwer 
the  purpofe,  no  ill  will  attend  the  ufe  of  it. 
Put  two  ounces  of  rofemary  leaves  into  a  bottle, 
with  a  pint  of  brandy,  fiiake  it  once  or  twice  a 
day;  let  this  (land  three  days,  then  ftrain  it  off; 
mix  a  tea  fpoonful  of  the  clear  tindlure  with  four 
tea  fpoonfuls  of  warm  water,  and  wafh  the  infide 
of  the  eye  with  it  every  night,  moving  about  the 
eye~lids,  that  feme  of  it  may  get  perfedly  in 
2  ■  between 
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I>etween  the  lid  and  the  eye.  By  degrees  put 
iefs  and  lefs  water  to  the  tindture,  till  at  length  a 
tea  fpoonful  of  each  may  be  mixed  for  ufe, 

Whatfoevcr  care,  hov/ever,  be  taken,  and 
though  every  precaution  be  attended  to  with 
fcrupulous  exadlnefs ;  yet  as  we  advance  in  years, 
the  powers  of  our  frame  gradually  decay,  an 
effecft  which  is  generally  firft  perceived  in  the 
organs  of  vifion. 

Age  is,  however,  by  no  means  an  abfolute 
criterion,  by  which  we  can  decide  upon  the  fight, 
nor  will  it  prove  the  neceffity  of  wearing  fpec- 
tacles.  For,  on  the  one  hand,  there  are  many 
whofe  fight  is  preferved  in  all  it's  vigour,  to  an 
advanced  old  age;  while,  on  the  other,  it  may  be 
impaired  in  youth  by  a  variety  of  caufes,  or  be 
vitiated  by  internal  maladies;  nor  is  the  defed: 
either  the  fame  in  different  perfons  of  the  fame 
age,  or  in  the  fame  perfon  at  different  ages;  in 
fome  the  failure  is  natural,  in  others  it  is  ac- 
quired. 

From  whatever  caufes  this  decay  arifes,  an 
attentive  confideration  of  the  following  rules, 
will  enable  every  one  to  judge  for  themfelves, 
G  4  when 


304  ESSAY    ON  VISION. 


when  their  fight  may  be  affifted  or  preferved  by 
the  ufe  of  fpedacles. 

1.  When  we  are  obliged  to  remove  fmall 
objeds  to  a  confiderable  diftance  from  the  eye, 
in  order  to  fee  them  diftindly. 

2.  If  we  find  it  neceflary  to  get  more  light 
than  formerly;  as  for  infi:ance,  to  place  the  candle 
between  the  eye  and  the  objed:. 

3.  If  on  looking  at,  and  attentively  confider- 
ing  a  near  objed,  it  becomes  confufed,  and  ap- 
pears to  have  a  kind  of  mift  before  it. 

4.  When  the  letters  of  a  book  run  one  into 
the  other,  and  hence  appear  double  and  treble. 

5.  If  the  eyes  are  fo  fatigued  by  a  little  ex- 
ercife,  that  we  are  obliged  to  (hut  them  from 
time  to  time,  and  relieve  them  by  looking  at 
different  objeds. 

When  all  thefe  circumfi:ances  concur,  or  any 
of  them  feparately  take  place,  it  will  be  neceffary 
to  feek  affiftance  from  glaffes,  which  will  now 
eafe  the  eyes,  and  in  fome  degree  check  ibeir 
tendency  to  grow  flatter ;  whereas  if  they  be  not 


ESSAY    ON    VISION.  IO5 

affifted  in  time,  the  fiatnefs  will  be  confidcrably 
increafcd,  and  the  eyes  be  weakened  by  the  efforts 
they  are  compelled  to  exert. 

We  are  now  able  to  decide  upon  a  very  im^ 
portant  queftion,  and  fay  how  far  fpedacles  may 
be  faid  to  be  preservers  of  the  sight.  It  is 
plain  they  can  only  be  recommended  as  fuch,  to 
thofe  whofe  eyes  are  beginning  to  fail ;  and  it 
would  be  as  abfurd,  to  advife  ihe  ufe  of  fpeda- 
cles  to  thofe  who  feel  none  of  the  foregoing 
inconveniences,  as  it  would  be  for  a  man  in 
health  to  ufe  crutches  to  fave  his  legs.  But  thofc 
who  feel  thofe  inconveniences,  fhould  imme^ 
diately  take  to  fpedlacles,  which,  by  enabling 
them  to  fee  objeds  nearer,  and  by  facilitating  the 
union  of  the  rays  of  light  on  the  retina,  will  fup- 
port  and  prefcrve  the  fight. 

When  the  eye  fenfibly  flattens,  all  delay  is  dan* 
gerous;  and  ttie  longer  thofe  who  feel  the  want 
of  aflidance,  defer  the  ufe  of  fpedaclcs,  the  more 
they  will  increafethe  failure  of  the  eye  :  there  arc 
too  many  who  procraftinate  the  ufe  of  them,  till 
at  laft  they  are  obliged  to  ufe  glafles  of  ten  or 
twelve  inches  focus,  inftead  of  thofe  of  36  or  40, 
which  would  otherwife  have  fuited  them  ;  thus 
preferring  a  real  evil,  to  avoid  one  that  is  imagi- 
nary. 
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nary.  Mr.  Thomin  mentions  fevcral  deplorable 
cafes  of  this  kind,  particularly  one  of  a  lady,  who, 
through  falfe  fhame,  had  abfiained  from  wearing 
fpedlacles  fo  long  a  time,  that  at  iaft  it  was  im- 
poffible  to  fuit  her,  but  with  thofe  adapted  to  eyes 
that  have  been  couched.  Whereas  the  inftances 
are  numerous  of  thofe  who,  by  ufing  glaiTes  of  a 
long  focus  at  the  firft:  approaches  of  long- lighted- 
pefs,  have  brought  back  their  eyes  to  their  natural 
fight,  and  been  able  to  lay  afide  their  fpedacles 
for  years. 

Thefe  coniiderations  point  out  clearly  the  ad- 
vantages that  may  be  obtained  by  a  proper  choice 
of  fpe(5lacles  on  firft  wearing  them,  and  the  im- 
portance of  making  fuch  a  choice  ;  as  the  eye 
will  endeavour  to  conform  itfelf  to  any  improper 
focus,  and  thus  be  brought  into  a  ftate  of  extreme 
age,  at  a  much  earlier  period  than  would  have 
happened,  had  they  been  fuited  with  judgment, 
There  are  very  few  opticians  but  what  muft  have 
feen  inftances  of  thofe,  who,  by  habituating  their 
eyes  to  too  fhort  a  focus,  or  too  great  a  magnify- 
ing power,  have  fo  injured  thofe  tender  organs^ 
as  to  deprive  them  of  future  affiftance  from  glalTes. 
This  frequently  happens  to  thofe  who  purchafe 
their  fped:acles  of  hjvwkers  and  pedlars,  men 

equally 
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equally  ignorant  of  the  fcicnce  of  optics,  and  the 
fabric  of  the  eye. 

Let  it,  therefore,  be  carefully  rcmenabered, 
that  magnifying  power  is  not  the  point  that  is 
inoft  to  be  confidered  in  the  choice  of  fpedacles  ; 
but  their  conformity  to  our  fight,  their  enabling 
us  to  fee  dirtindly,  and  with  eafe,  at  the  diftance 
we  were  accuftomed  to  read  or  work,  before  the 
life  of  fpedacles  became  neceffary  :  or,  in  other 
words,  glaffes  fhould  fo  alter  the  difpofition  of  the 
rays,  at  their  entrance  into  the  eyes,  as  will  be 
mofl:  fuitable  to  procure  difiind  vifion  at  a  proper 
diftance ;  an  end  of  the  higheft  import,  as  m 
this  refped  it  places  the  aged  nearly  on  a  level 
with  the  young,  and  enables  him  to  read  a  com- 
mon print  with  eafe,  at  a  period  when,  without 
ailiftance,  he  could  hardly  diftinguifh  one  letter 
from  another. 

In  proportion  as  the  eye  flattens,  glaffes  of 
greater  convexity  are  to  be  ufed ;  but  (lill  we 
Ihould  be  careful  not  to  go  too  far  :  for  if  they 
magnify  too  much,  they  will  fatigue  the  eye« 
The  mod  certain  criterion  of  their  being  too  old 
for  the  adual  ftateof  the  fight,  is  our  being  obli- 
ged to  bring  the  objeds  we  look  at  through  them, 
pcarcr  the  eye  than  the  common  diflance  of 

diftind 
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diftindl  viiion.  All  glafTcs  that  caufe  us  to  depart 
much  on  either  fide  from  the  limits  of  diftin6l 
vifion,  may  be  confidered  as  ill  adapted,  and 
prejudicial  to  the  fight,, 

Thofe  who  are  careful  in  following  a  regular 
gradation,  may  preferve  their  eyes  to  the  lateft 
period  of  old  age,  and  even  then  be  able  to  enjoy 
the  comforts  and  pleafures  that  arife  from  diftincft 
vifion.  Do  not,  therefore,  precipitate  thefe 
changes,  left  you  ihould  abforb  too  foon  the  re- 
fources  of  art,  and  not  be  able  to  find  fpedacles 
of  fufScient  power  to  relieve  the  eye.  One  pre- 
caution more  is  njecefTary :  by  no  means  put  on 
any  fpe61acles  but  your  own  ;  for  taking  up,  and 
wearing  glaffes  different  from  thofe  to  which 
your  eye  is  accommodate^,  has  the  fame  ill  effcd: 
as  trying  a  variety  at  an  optician's  fjiop  ;  this  va- 
riety fatigues  and  difiurbs  the  fight;  all  irregularity 
is  injurious,  and  much  of  the  prefervation  of  the 
%ht  depends  upon  keeping  jt  uniform,  as  well 
with  regard  to  the  glaffes,  as  the  degrees  of  light. 

There  are  many  who  find  the  eftedt  pf  candle^ 
Ijght  fo  different  from  the  purer  light  of  day, 
that  they  are  obliged  to  ufe  fpedacles  by  nighty 
though  they  can  do  very  well  without  them  in  the 
cjay.   Thcfe^  when  the  eye  has  becpme  more  flat. 
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will  find  it  advifeable  to  have  two  pair  of  fpec- 
tacles,  one  to  ufe  by  day,  the  other,  magnifying 
fomewhat  more,  appropriated  for  the  night ;  by 
this  means,  nearly  the  fame  quantity  of  light  may 
be  brought  to  a6l  upon  the  retina  at  one  time  as 
the  other ;  thus  the  eyes  wilt  be  lefs  fatigued,  a^d 
longer  maintain  their  natural  vigour. 

Of  Visual  Spectacles. 

The  natural  deii re  of  men  in  trade  to  increafe 
their  bufinefs,  and  extend  their  fame,  has  in 
many  inflanccs  been  the  origin  of  alterations  and 
inventions,  injurious  to  fcience,  and  detrimental 
to  the  public.  It  is  a  defire,  to  which  all  in  trade 
are,  from  their  fituation,  expofcd ;  and  from 
which,  it  may  be  prefumed,  no  one  is  exempt. 

To  this  defire  we  may,  with  propriety,  im^- 
pute  the  invention  of  vifual  fpeclacles ;  and  as 
pretences  are  feldom  wanting  to  jufiify  that  v\hitlii 
interefi:  adopts,  the  inventor  endeavoured,  by 
fpecious  reafons,  to  attraQ:  the  attention  of  thofe 
who  were  not  to  be  captivated  by  m.ere  novelty. 
But  the  good  fenfe  of  the  world,  which  always, 
in  the  long  run,  juftly  appreciates  the  value  of 
every  invention,  now  leaves  vifual  fpe(5laclcs  to 
ehe  negled  they  merit ;  they  are  worn  by  few, 
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but  thofe  Vv^ho,  from  long  habit,  have  accuflomed 
their  eyes  to  thefe  pernicious  fhades. 

Among  the  reafons  adduced  by  the  inventor* 
the  following  is  that  upon  which  the  greateft  ftriefs 
was  laid,  namely,  that  as  in  teiefcopes,  micro- 
fcopes,  &c.  we  are  obliged,  by  proper  apertures, 
to  cut  off  thofe  extraneous  rays  which  tend  to 
render  the  image  confufed  ;  fo,  in  the  fame  man- 
ner, the  quantity  of  light  fhould  be  adjufled  in 
fpe6lacles.   'To  this  it  was  then  anfwered,  that 
the  cafes  were  by  no  means  analagous,  and  if  they 
were,  the  reafon  alledged  would  operate  againft 
the  ufe  of  vifual  glaffes ;  for  as  all  lenfes  bear  an 
aperture  proportional  to  their  focal  length,  a  lens 
of  five  inches  focus,  which  is  one  of  the  Ihorteft 
in  general  ufe,  would  bear  a  much  larger  aperture 
than  the  diameter  of  any  fpedtacle  eye;  but  there 
was  furely  no  need  of  apertures  to  glaffes,  applied 
clofe  to  the  eye,  whofe  pupil  is  formed  by  nature 
to  adapt  itfelf  to  every  degree  of  light;  and  we 
Ihould  in  all  cafes,  leave  the  eyes  as  much  as 
pollible  to  their  own  exertions  and  uniform 
mode  of  aBing.   Confidered  as  a  fnade  or  fcreen, 
the  horn  rims  of  the  vifual  glaffes  are  imperfect 
and  detrimental,  they  are  alfo  inconvenient  in 
ufe  ;  for  if  the  line  to  be  read  is  long,  the  head 
mull  be  in  continual  morion,  to  fee  the  words, 

which 
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which  are  obdruded  by  the  opake  rim  ;  to  thefe, 
and  many  other  reafons  which  might  be  ad- 
duced, we  may  add  the  proofs  derived  from  ex- 
perience and  obfervation  :  by  thefe  I  am  fully- 
convinced,  that  they  arc  injurious  to  the  eye,  and 
that  in  general  thofe  who  wear  them,  ufe  glalTes 
of  a  fhorter  focus  than  thofe  who  wear  the  com- 
mon fort. 

If  from  the  weaknefs  of  the  eye  a  fhade  be 
neceflary,  let  it  be  fuch  a  one  as  is  pointed  out 
by  nature:  Ihe  teaches  us,  that  thofe  whofe  eyes 
are  deep  fet,  have  the  cleareft  and  flrongeft  fighi; 
and  that  whenever  we  find  the  light  too  firong 
we  pall  down  our  eye-brows,  and  if  this  be  not 
fufficient,  put  our  hand  over  our  eyes;  by  this 
we  are  inftrudled,  that  the  bed  forms  for  a  fliade 
is  one  fitted  to  the  forehead,  and  projeding  from 
k  2  or  3  inches. 

It  may  not  be  improper  in  this  place  to  fay 
a  word  or  two  refpecling  (hades  or  fcreens  for 
candles.  I  am  clearly  of  opinion,  that  all  opake 
fhades  are  detrimental  to  the  eye,  as  well  from 
the  very  irregular  reflections  of  the  light,  from 
the  paint  on  the  infide  of  them,  as  from  the  vaft 
contrafi:  into  which  the  eye  is  thrown,  when  it- 
removes  from  the  refleded  light,  that  is,  from 

aa 
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an  extreme  of  brightnefs  to  gloominefs  and  ob^ 
fcurity.  In  the  place  of  fhefe,  I  would  recom- 
mend a  conical  (hade  of  white  paper,  moderately 
chick;  this  will  throw  a  (irong  (leady  light  down 
on  the  book,  &c.  it  will  preferve  the  eye  from 
ihe  luminous  brightnefs  and  glare  of  the  can- 
dle, and  not  darken  the  room  too  much.  Here  I 
cannot  refrain  from  obfcrving,  that  the  clear 
white  light  of  Argand's  lamps  muft  be  very  pre- 
judicial to  the  fight ;  there  are  purpofes  to  which 
they  may  be  applied  with  advantage,  but  then 
it  fliould  be  where  their  light  is  modified  before 
it  reaches  the  eye. 

Of  Spectacles  with  coloured  Glasses- 

It  may  be  more  difficult  to  decide  upon  the 
merit  of  fpedacles  with  coloured  glafs,  than 
of  thofe  with  vifuals ;  yet  upon  the  whole, 
there  is  rcafon  to  think,  that  they  are  rather  of 
dif-fervice  than  of  any  ufe  to  the  eye,  and  that 
the  grounds  upon  which  it  has  been  fuppofed 
that  they  would  be  advantageous  to  the  fight,  are 
weak  and  fallacious. 

Green  glafies  have  been  recommended  on  two 
accounts,  firfi,  becaufe  green  is  univerfaljy  allow- 
ed to  be  one  of  the  pleafantcft  colours  we  look  at, 

and 
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•and  is  found  to  ftrengthen,  comfort,  and  prefervc 
the  fight:  fecondly,  as  they  are  fuppofed  to 
w-eaken  the  imprefiion  of  the  rays  of  light  on  the 
■retina,  and  therefore  to  be  v/ell  adapted  to  thofe 
whofe  eyes  are  weak  and  tender. 

To  the  firfl  reafon,  it  may  be  fufficient  to  anfwer, 
*that  though  green  is  a  pleafant  colour  to  look  at, 
it  is  by  no  means  fo  to  look  through;  for  all  ob- 
je(5ls,  when  viewed  through  green  glafs,  appear 
of  a  muddy  yellow,  tinged  by  a  gloomy  green; 
they  are,  however,  not  only  unpleafant,  but  there 
are  circum fiances  attending  the  ufe  of  them,  which 
make  it  highly  probable,  that  they  are  prejudi- 
cial to  the  fight,  and  have  not  the  tendency  which 
is  generally  attributed  to  them,  of  lelTening  the 
action  of  the  rays  of  light  on  the  eye. 

After  looking  at  the  fun  for  a  fhort  time,  fhut 
your  eyes,  and  you  will,  for  fome  time  after  they 
have  been  fliut,  continue  to  fee  his  image;  but 
ii*s  brightnefs  will  gradually  diminifh^,  affuming, 
fucceffively,  colours  lefs  and  lefs  bright  and 
lively,  being  firft  red,  afterwards  yellow,  then 
green,  blue,  and  lafily,  violet ;  now  thefe  colours 
are  attributed  to  the  violent  agitation  excited  in 
the  retina,  by  the  rays  of  light;  the  re-adion  and 
vibrations  produce  the  fenfatiou  of  colour,  the 
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Uronged  thofe  of  red,  the  weaker  thofe  of  yellow, 
&c.  Something  very  fimiiar  to  this  happens  to, 
moft  people,  on  their  firft  wearing  green  glailes, 
for  on  taking  them  oif,  they  generally  find  white 
ohjedls  tinged  with  red;  a  clear  and  fufficienc 
proof,  that  they  are  not  favourable  to  the  eye. 

Further,  unlefs  they  are  continually  wore,  the 
contrail  between  the  objecl:  feen  through  them, 
and  feen  without  them,  mull:  be  difadvantageous 
in  it's  effects;  as  contrary  to  that  uniformity, 
which  vi'e  have  already  obferved,  to  be  fo  necef-r 
fary  to  the  preiervation  of  the  eyes. 

But  there  is  a  fiill  greater  inconvenience;  the 
eye,  by  coniiant  ufe,  fo  habituates  itfelf  to  them, 
as  not  to  be  able  to  fee  with  eafe  in  fpeclacles  of 
another  colour:  now  as  the  eye  grows  flatter,  it 
wants  glaffes  of  a  greater  convexity  ;  but  as  the 
convexity  increafes,  the  green  glafles  become 
more  opake,  and  thus  lefs  fit  for  vifion,  affording 
|ea(t  affifcance  when  the  eye  wants  it  n)pff, 
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Of  Reading-Glasses. 


Though  the  effefts  of  time  are  the  certain  and 
inevitable  portion  of  all,  who  hve  to  an  ad- 
vanced age,  and  are  neither  to  be  retarded  by 
riches,  nor  prevented  by  wifdom;  yet  fuch  are 
the  weakneffes  of  the  human  mind,  and  fuch  the 
partialities  of  felf-love,  that  we  all  endeavour  to 
conceal,  from  ourfelves  and  others,  the  ap- 
proaches of  age;  and  no  one  likes  to  appear  as 
haftening  to  that  bourne  from  which  none  have 
returned. 

Thefe  propenfities  give  rife  to  a  variety  of 
artifices,  by  which  each  individual  endeavours  to 
hide  from  himfelf  and  others,  what  no  artifice 
can  conceal,  and  which  every  one  can  difcover, 
in  all  but  himfelf;  but  then,  thefe  endeavours 
often  contribute  to  hallen  the  evils  they  are 
meant  to  conceal.  Opticians  have  dail/  expe- 
rience of  the  truth  of  thefe  obfervations,  and  they 
are  in  no  inftance  more  fully  verified,  than  in  the 
preference  given  by  many  to  reading-glaffes, 
(under  whatever  pretext  it  may  be  covered,) 
;merely  becaufc  they  think,  that  the  decay  of  their 
H  2  fight. 
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fight,  and  their  advances  in  age,  are  lefs  con- 
fpicuous  by  ufing  a  reading-glafs  than  fpec- 
tacles. 

It  is  evident,  that  the  axes  of  the  eyes  ought 
not  in  any  cafe  to  be  iirained,  but  that  they 
fliould  be  left  at  liberty,  to  follow  the  diredion 
they  receive  from  the  mufcles  of  the  eye;  but 
this  is  not  die  cafe  when  a  reading-glafs  is  ufed; 
for  the  eyes,  in  endeavouring  to  fee  by  it,  are  coii- 
fiderably  flrained,  and  in  a  fhort  time  much 
fatigued  :  but  there  is  another  objedlion  to  the 
irfe  of  reading-glaffes,  which  arifes  from  the  un^ 
lleadinefs  of  the  hand,  and  the  motion  of  the 
head,  which  occafion  a  perpetiial  motion  of  the 
glaifes,  for  the  eye  endeavours  to  conform  itfelf 
to  each  change,  and  this  tender  organ  is  thereby 
kept  in  continual  agitation:  to  thefe  evils  we 
may  add,  the  dazzling  glare  and  irregular  reflec- 
tion from  the  furface  of  the  glafs,  which  fo  Vv  ea- 
ken  the  eyes,  that  thofe  who  accuftom  themfelves 
to  a  reading-glafs,  are  in  a  fhort  time  obliged  to 
take  to  fpe8:acles,  and  to  ufe  them  much  older 
|han  they  ocherwife  would  have  done, 
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To  this  it  may  be  added,  that  fpedlacles  are 
preferable,  not  only  as  more  conformable  to  the 
nature  and  adion  of  the  eye,  but  they  are  alfo 
more  convenient ;  the  fpace  between  the  face  and 
the  objecl:  is  left  open  and  free,  and  they  are 
moved  infeniibly  by  the  natural  motion  of  the 
head,  they  alfo  fnew  objeds  more  clear  and  more 
diftindt  than  a  broad  lens,  becaufe  their  glafTes 
are  thinner,  and  placed  exadlly  before  each  eye. 

To  obviate  fome  of  thefe  inconvcniencies,  mj 
father  contrived  a  kind  of  fubftitute  for  fpec- 
tacles,  which  are  convenient  for  looking  at  any 
occafional  objed,  and  not  injurious  to  the  eyes; 
this  kind  is  reprefented  at  fig.  8.  In  thefe 
both  eyes  are  ufed  at  once,  without  any  effort;  by 
being  held  near  the  eye,  the  irregular  refleftions 
are  avoided,  and  they  are  at  the  fame  time  ren- 
dered fteady,  by  a  flight  pre ffu re  of  the  Tiiiddle 
bar  at  the  nofe. 


To 
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To  SUIT  A  GIVEN  EVE  WITH  PROPER  SPECTA- 
CLES, OR  TO  ENABLE  A  "GIVEN  EyE  TO  SEE' 
£>ISTINCTLY  ATA  CERTAIN  DlSTANCE, 

For  this  purpofe,  a  rule  is  delivered  by  optical 
writers,  which,  though  it  is  good  in  theory,  is 
liable  to  feveral  exceptions  in  pradice,  particu- 
larly as  by  exaclly  adhering  to  it,  they  would 
generally  choofe  glaffes  of  too  great  a  magnifying 
power ;  but  as  notwithfianding  this  defect, the  data 
it  requires  may  give  ufeful  information  to  the 
optician,  for  furnifhing  glalTes  to  thofe  who  live 
in  the  country,  we  fhall  infert  it  here. 

R  U  L  E, 

To  find  a  convex  lens  fuited  to  a  long-fighted 
eye,  multiply  the  diftance  at  which  the  perion 
fees  diftindlly,  by  the  dillance  at  which  it  is 
defirable  he  Ihould  fee  with  the  fpedacles,  and 
divide  the  produd,  by  the  difference  between  the 
two  aforefaid  diftances,  the  refult  is  the  focus 
required. 


Thofc 
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Thofe  who,  iiling  fpcdaclcs,  live  at  a  diilance 
from  town,  and  think  thofe  they  have  are  not 
accommodated  to  their  fight,  may  receive  in- 
formation whc-.her  they  can  be  better  fuited  or 
not,  by  fending  any  Ikilful  optician  the  focus  of 
the  glaffes  in  their  fpcftacles,  and  the  diftance  at 
which  with  them  they  can  read  a  fm.ail  print. 

To  find  the  focus  of  a  convex  lens,  or  fpedlacle 
eye,  hrft  by  the  fun's  image,  place  the  lens,  fo 
that  it's  axis  may  be  toward  the  fun;  then  hold- 
ing a  paper  behind  it,  the  burning  point  or 
,  where  the  fun's  image  is  fmalleft,  and  where  it's 
limb  diftindef ,  is  the  focus  of  the  lens,  and  the 
diftance  from  this  point  to  the  lens  is  the  difiance 
required* 

Secondly,  fix  a  piece  of  paper  on  the  fide  of 
a  room,  exactly  facing  a  window,  and  remove 
the  lens  from  this,  till  the  images  of  the  mod 
diflant  dbjeds  out  of  doors  are  diftinift,  then  the 
diftance  between  the  lens  and  the  paper  is  the 
required  focal  length:  the  images  will  be  brighter 
the  lefs  the  quantity  of  light  is  admitted  into  the 
room,  except  what  is  diredly  oppofed  to  the 
iens. 


The 
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The  foregoing  methods  are  fufficiently  ac- 
curate for  common  fpe8acles  and  reading-.ghffes^, 
But  not  for  lenfcs  of  a  long  foeus. 

Of  Cg'UCk-'ED  Eyes* 

With  the  difeafes  of  the  eye,  this  fmall  eilay 
has  no  concern;  they  have  been  already  v/eli  and 
ably  confidered  by  profefional  men;  and  it  is 
fcarce  neceffary  to  obferve^  that  in  anatomical 
knowledge,  and  in  the  practical  operations  of 
furgery,  England  now  claims  a  juft  pre-eminence 
over  other  nations. 

But  among  the  various  difeafes  of  this  organ^ 
there  is  one  in  which,  after  the  furgeon  has 
quitted  the  patient,  glalTes  are  neceffary,  to  give 
effed  to  the  operation,  and  a  comfortable  fight  of 
objedls  to  the  perfon  relieved.  This  difeafe  is 
the  cataracl,  a  diforder  affedling  the  cryflalline 
feumour  of  the  eye ;  when  the  opacity  is  con- 
firmed, this  humour  becomes  fo  opake,  as  fcarcely 
to  admit  any  rays  of  light,  and  prevents  their 
producing  their  ordinary  effects,  and  confequently 
no  image  of  any  objedl  is  formed,  though  the 
retina,  and  other  organs  of  fight,  are  in  perfedl 
order.  There  is  no  diforder  more  deplorable  in 
it's  nature  and  confequences ;  deftrudive  of  the 

fight. 
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fight,  often  beyond  the  reach  of  remedy :  the 
hand  of  the  operator  is  the  only  hope,  and  his 
efforts  are  fometimes  unfuccefsfuL 

The  mod  general  caiife  of  this  afiiidliiig  dif- 
order  is  a  violeat  in  flam  in  at  ion  of  the  eye,  ariiing; 
either  from  fome  internal  caufe,  or  external  vio- 
lence. It  has  often  been  brought  on  by  frequent 
infpe(5lion  of  the  fun,  or  looking  too  long  and  too^ 
often  at  a  fire.  In  early  ftages  of  the  difeafe^, 
it  has  been  known  to  be  removed  by  medicine. 
Of  the  various  remedies,  the  eledLrical  fiream  is 
undoubtedly  the  beft  j  there  is  no  difcutient 
known  fo  powerful  in-  it's  application,  m  certain- 
in  it's  effed's. 

The  affiilance  the  eye  receives  from  the  furgeon 
is  either  by  a  depreiTion  af  the  cryftailine  below 
the  pupil,  or  extracting  the  catarad.  But  as  the 
denfity  of  the  vitreous  humour,  which  fupplies 
the  place  of  the  cryflalline,  is  lefs,  the  rays  of 
light  will  be  lefs  refraded,  and  nor  m.eet  at  the 
retina,  but  at  fome  distance  behind  it ;  the  fight 
will  therefore  be  imperfed,  except  the  eye  be 
affiled  v/ith  a  proper  convex  glafs ;  a  fad,  which 
fully  evinces  that  the  change  made  in  our  eyes^^ 
to  accommodate  them  to  the  diflances  of  objecls,, 
muft  be  principally  attributed  to  the  cryflailine 

humour. 
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humour.  One  focus  is  feldom  fufficient  to  enabfe 
thofe  who  have  undergone  thh  operation,  to  lee 
objeds  at  different  diftances.  They  generally 
require  two  pair  of  fpeclacles,  one  for  near,  the 
other  for  more  diilant  obje8s.  The  foci  that  are 
ufed  lay  between  6  and  i  i  inches. 

It  is  not  advifeable  to  ufe  glaiTes  too  foon  after 
the  operation ;  for  while  the  eyes  are  in  a  de- 
bilitated ftate,  all  exertions  are  not  only  improper^ 
but  aifo  very  prcjudiciaL 

Of  the  Short-sighted. 

In  this  defedt  of  the  eyes,  the  images  of  objcdlg 
at  an  ordinary  difiance  unite  before  they  arrive  at 
the  retina,  and  confequently  the  images  formed^ 
thereon  are  confufed  and  indiftindl.  This  effedl 
is  produced  either  by  too  great  a  convexity  in  the 
cornea  and  cryftalline,  or  too  great  a  refradlive 
power  in  the  humours  of  the  eye ;  or  the  retina 
may  be  placed  too  far ;  or  it  may  arife  from  a 
concurrence  of  all  thefe  circumftances. 

Thofe  who  are  Ihort-fighted  can  diftinguifh 
fmaller  objecls,  and  fee  clearly  a  given  fmall  ob-^ 
ject  with  lefs  light  than  other  people  ;  the  reafon 
is  evident,  for  the  nearer  the  objed  is,  the  more 

lighe 
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light  enters  the  pupil  ;  being  alfo  more  denfe^ 
it's  action  is  more  powerful  upon  the  retina  5 
hence  the  fliort-iighred  can  read  a  fmall  print  by 
moon-fnine,  or  in  the  tvvihght,  when  a  common 
€}e  can  fcarce  diflinguiili  one  letter  from  another* 

In  a  flrong  light  they  can  fee  a  little  farther 
than  they  do  when  it  is  weak  ;  the  firength  of  the 
light  caufcs  the  pupil  of  their  eyes  to  contrad-, 
and  thus  removes  in  fomiC  degree  the  indiflind:- 
nefs  of  the  objedls.  Upon  the  fame  principle  we 
may  account  for  the  fliort-iighted  fo  often  partly 
fliutting  their  eyelids,  from  whence  they  were 
formerly  denominated  myopes  ;  by  this  means, 
they  confine  the  bafes  of  the  pencils  of  rays 
which  ilTue  from  the  points  of  an  objedl,  and  thus 
contrad:  the  circle  of  diilipation,  and  lelTen  the 
3ndifl:in6lnefs  of  viiion  :  hence  they  alio  fee  ob- 
jedls  more  diftinctly  through  a  fmall  hole,  as  that 
made  by  a  pin  in  a  card. 

It  is  a  common  obfervation,  that  the  fhort- 
fighted  do  in  general  prefer  a  fmall  prmt  to  a 
large  one,  and  that  they  ufually  write  -a  fmall 
hand ;  for  by  the  proximity  the  letters  are  magni- 
fied, and,  being  fmall,  they  take  in  a  greater 
number  at  one  view;  they  hold  the  book  they  are 
reading  in  generally  inclined  to  one  fide,  in  order 

to 
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to  attain  a  greater  degree  of  illumination.  As 
they  can  only  fee  diftindly  objeds  that  are  near, 
they  are  obliged,  by  a  ftrong  effort  of  the  mind^ 
to  caufe  the  axes  of  the  eyes  to  converge ;  this 
effort  being  painful,  obliges  them  often  to  turn 
away  one  of  their  eyes,  which  producing  double 
viiion,  they  are  obliged  to  fliut  it. 

As  thofe  who  are  very  fliort-iighted  do  not 
perceive  the  motion  of  the  eyes  and  features,  they 
feldom  look  attentively  at  thofe  with  whom  they 
are  converfing :  it  is  from,  this  circumftance  that 
Pliny  terms  the  prominent-eyed  hebetiores,  not 
that  this  defedl  in  light  impairs  genius,  or  leffens 
the  powers  of  the  mind  ;  but  as  it  deprives  them 
of  the  rapid  communications  that  are  made  by 
the  eye,  it  apparendy  leffens  that  vivacity  of  con- 
ception, which  always  accompanies  a  vigorous 
mind. 

Happily  for  the  fliort -lighted,  the  principal 
inconveniences  of  their  fight  may  be  remedied  by 
the  ufe  of  concave  glafTes;  by  their  afliftance, 
thofe  whofe  fphere  of  diftindl  vifion  fcarce  ex* 
tended  beyond  their  arm,  are  enabled  to  didin- 
guifh,  very  fatisfadtorily,  objeds  at  a  confiderable 
diftance ;  the  concave  lens  produces  diflindl: 
vifion,  by  caufing  the  rays  to  diverge  more,  and 
3  unite 
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unite  at  the  retina,  inftead  of  meeting  before  they 
reach  the  bottom  of  the  eye. 

In  the  choice  of  glafTes  for  the  lliort-fighted, 
no  rules  can  be  laid  down  ;  it  is  a  defcCl  that  has 
no  conne6lion  with  age,  no  ftated  progreflion 
that  can  be  a  foundation  to  guide  the  optician,  or 
lead  him  to  recommend  one  glafs  in  preference  to 
another;  the  whole  mufi:  depend  on  the  obfervat 
tion  of  the  fliort-fighted  themfelvcs,  who,  by- 
trying  glaffes  of  different  degrees  of  concavity, 
will  foon  find  out  that  whofe  efFed:s  are  moft  ad- 
vantageous, producing  diftindb  vifion  at  different 
diftances. 

If  the  ffiort-fighted  perfon  is  fo  far  removed 
from  an  optician,  as  not  to  have  any  opportunity 
of  trying  a  variety  of  lenfes,  he  may  be  nearly 
fuited,  by  fending  to  him  the  greateft  dillance 
at  whichj  with  his  naked  eye,  he  can  fee 
diftinclily  ;  he  will,  by  the  following  rule,  be 
enabled  to  fuit  him  with  tolerable  exaBnefs. 

Multiply  the  diftance  at  which  the  fl^iOrt- 
fighted  perfon  fees  difiindliy  with  his  naked  eye, 
by  the  diftance  at  which  it  is  required  he  ffiould 
fee  diftinBly  by  a  concave  glafs,  and  divide  the 
produd  by  the  difference  between  the  aforefaid 
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didances  :  if  the  required  diftance  be  very  remote, 
the  glaffcs  muft  be  of  that  radii  at  which  they 
fee  difiincily  with  their  naked  eyes. 

The  benefit  the  fliort-fighted  receive  from 
fTOivcave  glaffes,  is  not  fo  great  as  the  long-fighted 
find  by  a  convex  lens ;  for  an  objedi:  is  not  only 
jDagnified,  but  the  eye  receives  alfo  a  larger  pen- 
cil of  hght  from  each  viiible  point,  becaufe  the 
rays  enter  lefs  diverging  :  whereas  the  concave 
not  only  dim.inifties  the  objedc  in  iize,  but  it 
leflens  alfo  the  quanliiy  of  light,  as  it  renders  the 
rays  more  diverging,  confequently  the,  fhort- 
iighted  do  not  fee  remote  objedis,  unlefs  they  are 
very  large  and  bright,  fo  well  through  a  concave 
lens  as  theory  promifes  :  for  the  chief  impedi- 
inent  to  a  diftind  view  of  remote  objedls,  is  their 
want  of  light  and  magnitude,  but  both  of  thefe 
a  concave  lens  increafes. 

It  is  generally  fuppofed,  that  the  fhort-fightcd 
become  lefs  fo  as  they  advance  in  years,  as  the 
natural  fhrjnking  and  decay  in  the  humours  of 
the  eye  ielTen  it's  convexity,  and  thus  adapt  it 
better  for  viewing  of  difiant  objecls:  but  among 
jhe  gree  t  n  imber  of  fliort-fighted  that  I  have  ac- 
commodated with  glafies,  !  have  ever  found  the 
reverfe  of  this  theory  to  be  true,  and  the  eyes  of 

the 
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the  myopes  never  required  glafTes  lefs  concave,  but 
geMeia.ly  more  concave  as  they  grew  older, 
to  enable  them  to  fee  at  the  fame  diftan.c. 

Further,  theefreccs  of  habit,  which  are  in  mofl; 
cafes  very  ^/Ov\erful,  but  pecuharly  io  in  the  affec- 
tions, of  the  eye,  have  a  narural  tcnJcicy  to  in- 
creafe  the  detedl  of  the  myopes,  for  hy  f  equently 
Io.)king  clofe  to  obje^h,  in  order  to  fee  them  dif- 
tinctly.  they  would  make  themfelves  near-fighted, 
though  their  eyes  were  naturally  the  reverfe; 
hence  v^'e  often  find,  that  watch-makers,  en- 
gravers, and  ftudious  penons,  often  bring  on 
this  defev5f.  By  reading  or  working  ar  as  great  a 
diftance  as  pollible,  and  often  looking  at  remote 
objecls,  the  degree  of  fliort-fightednefs  may  be 
much  leffened.  As  children  in  general  read 
much  nearer  than  grown  perfons,  if  they  are  fuf- 
fered  to  indulge  this  propenlity,  they  become 
paturally  fliort-fighted. 

>  I  have  found  it  necelTary,  in  fome  inflances,  to 
give  convex  glafTes  to  the  fhort-fighted,  when 
very  far  advanced  in  age,  not  becaufe  their  eyes 
were  grown  le^s  convex,  but  to  give  them  more 
light,  and  counteraQ  an  extreme  contraQion  of 
fhe  pupil. 


Great 
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Great  as  are  the  difad vantages  of  the  fhort- 
iighted/thcy  are  lefs,  perhaps,  with  refpedt  to  dif- 
tant  objeSs,  than  is  generally  imagined;  they 
fee  the  brighter  ftars  and  planets,  nearly  as  well 
as  other  people.  They  are  prevented  indeed 
from  diiiinguiiliing  beyond  a  certain  fmall  dif- 
tancCj  the  fmall  parts  of  an  ohjcEt  which  are  very 
vifible  to  another;  thus  they  cannot  diftinguife 
the  features  of  a  (lice  acrofs  a  room,  and  as  objeds 
are  generally  difcriminated  by  their  minuter 
parts,  their  difadvantage  in  viewing  objecls  at  a 
moderate  diftance  is  very  evident.  But  though- 
fuch  a  perfon  cannot  difcern  the  minuti^  of  ob- 
jeds, unlefs  they  are  very  large  and  very  near 
him  ;  yet  he  can  perceive  any  cbje8;  in  the  grofs, 
at  a  conlidcrable  diliance,  if  it  be  not  too  fm.alh 
thus  he  may  perceive  a  man  at  the  diftance  of 
feveral  paces,  but  mufl:  advance  within  one  or 
two,  before  he  can  determine  who  he  js,  or  call 
him  by  his  name;  he  will  fee  a  large  tree  much 
further,  and  fi'om  experience  in  fuch  cafes,  will 
perceive,  that  a  large  obfcure  objcd  at  a  great 
diftance  is  an  houfe,  to  thefurprize  of  his  friends 
who  are  acquainted  with  the  nature  of  his  fight. 
On  thefc  principles,  we  may  eafily  account  for  the 
apparent  paradox  of  the  pur-blind,  or  thofe  who 
can  fcarcely  fee  a  fmall  objed  at  arms  length,  yet 
difcovering  thofe  that  are  very  remote. 

Of 
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Of    a    Crepuscular    or  Twilight 
Blindness. 

Thofe  that  arc  afflided  with  this  complaint, 
have  their  fight  dull  and  confufed  in  the  even- 
ing and  morning,  difccrning  objedls  very  im- 
perfedlly  at  the  fame  time  and  place  ;  while  thofe 
who  are  bleffed  with  perfedl  vifion,  fee  them  dif- 
tindlly. 

Many  years  ago,  thisdiforder  was  epidemical 
in  the  neighbourhood  of  Montpellier,  efpecially 
in  towns  contiguous  to  a  river,  and  among  the 
foldicrs  doing  duty  as  centincis,  expofcd  to  the 
damps  and  fogs  of  the  night  feafon ;  and  it  was 
judged  to  proceed  from  a  fuperfluous  ferum  in 
the  mafs  of  blood,  which  affeded  and  relaxed 
the  organs  of  vilion,  the  pupil  of  the  eye  was 
much  dilated,  and  the  fenfibiiity  of  the  retina  lef- 
fened. 

Boerhaave  mentions  a  variety  of  this  difordcr, 
which  arofe  from  an  immoveable  flrudure  of 
the  pupil;  it  did  not,  like  the  other,  give  way 
to  medicine ;  it  is  probable,  that  in  both  cafes, 
eledricity  would  be  of  great  ufe. 

I  Of 
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Of  Meridian  Blindness. 

.  Thefe  can  difcern  objeds  in  the  night,  but  are 
unable  to  difdnguifh  them  in  the  day-time. 

Boerhaave  enumerates  two  varieties  of  this 
diforder.  The  fir  ft  proceeds  from  an  opake 
round  fpot,  or  partial  catarad:  in  the  middle  of 
the  cryftalline,  exadily  behind,  but  fomewhat 
fmaller  than  the  pupil;  during  the  day,  the  pupil 
is  focontrad:ed  as  to  admit  no  rays  of  hght,  but 
what  fall  upon  the  opake  fpot,  which,  therefore, 
prevents  the  formation  of  any  image  upon  the 
retina  ;  but  in  the  evening,  the  pupil  is  fo  di- 
lated, as  to  permit  fuch  a  quantity  of  light  as 
will  anfwer  the  purpofes  of  vilion. 

This  variety  may  be  removed  by  the  eledlric 
fluid;  or  if  that  does  not  fucceed^  by  the  couching 
needle. 

The  fecond  variety  arifes  from  fo  extreme  a 
fenfibility  of  the  retina,  that  it  entirely  clofes 
the  pupil  of  the  eye  ;  this  fpecies  generally  yields 
to  antiphlogiftic  remedies. 

Of 
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Of  an  absolute  Dulness  of  Sight. 

This  kind  of  fight  has  been  generally  con- 
founded with  longr-fightedners,  but  has  lately- 
been  ranked,  by  forne  anatomical  writers,  under 
a  diftind  head. 

Both  the  fhort  and  long-fighted,  in  certain 
pofitions,  and  at  certain  diliances,  fee  objedts 
diftindly,  and  their  fight  is  not  confufed  but  re- 
latively, with  refped  to  other  diflances,  pofitions, 
and  times;  but  in  the  alFcdion  of  the  eyes  now 
under  confideration,  there  is  an  abfolute  dulnefs 
of  fight,  in  all  places,  at  all  times,  and  in  ail 
fituations.  ,  ^ 

It  feems  to  depend  on  a  want  of  fenfibility  in 
the  retina,  and  happens  more  efpecially  to  thofe 
who  have  abufed  their  eyes:  it  is  a  difeafe  to 
which,  by  common  people,  a  variety  of  caufes  are 
affigned. 

The  principal  fym.ptoms  are  frequent  varia- 
tions in  the  boundaries  of  diliin^  vifion  ;  objects, 
when  attentively  confidered,  appear  confufed,  the 
charaders  of  books  feem  to  be  doubled,  moved, 
and  decufiated ;  the  eyes  being  foon  fatigued,  they 
I  2  are 
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are  frequently  obliged  to  rub  and  (hut  them^ 
and  the  pupil  is  fcarcely  moveable,  even  on  a 
fudden  tranfition  from  darknefs  to  light. 

Various  are  the  remedies  prefcribed  by  oculifis 
for  this  diforder,  fome  praifing  fpirituous  refol- 
vents,  while  others  extol  cold  water;  but  all  agree 
in  recommending  the  ufe  of  fpedacles,  with  dou- 
ble convex  glafTes;  for  as  by  thefe  more  rays  of 
light  are  colleded,  and  a  ftrongcr  impreffion 
made  on  the  retina,  a  confiderable  degree  of  dif- 
tind:nefs  is  promoted. 

Eledlricity  has  been  recommended  with  fuc- 
cefs,  the  eye  has  been  in  part  reflored,  and  the 
pupil  recovered  it's  povver  of  contracling  and 
dilating.* 

Among 

*  The  following  cafe,  which  fully  evinces  (he  powers  of 
ele6lricity  in  difeafes  of  the  eye,  was  communicated  to  me 
by  my  very  ingenious  friend,  John  Birch,  Efq.  furgeon  of 
St.  Thomas's  hofpital. 

In  the  year  1 786,  Ann  Bone,  aged  57,  was  admitted  into 
St.  Thomas's  hofpital,  under  the  care  of  Mr.  Chandler, 
totally  blind.  After  the  ufual  remedies  had  been  unfuc- 
eefsfully  tried,  fhe  was  fent  to  the  eleftrical  chamber, 
where  Mr.  Whitelocke,  now  furgeon  at  Ramfbury,  had 
the  care  of  the  machine,  under  the  direftion  of  Mr.  Birch. 

The 
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Among  the  IclTer  maladies  of  the  eyes,  the 
■moft  common  is  a  redundance  of  water,  or  of  a 
watery  humour,  which  didurbs  and  impairs  the 
iighc.  When  the  eye  is  full  of  water,  letters 
appear  confufed,  and  no  fmall  object  is  feen  dif- 
tinclly.  In  this  cafe  it  is  ufual  to  have  recourfe 
to  fpedacles  ;  but  the  author  of  an  excellent  little 
trad  on  the  fabric  of  the  eyes,  fays,  that  in  this 
diforder  it  is  the  glafs,  not  the  form,  that  is 
neceffarv ;  and  that  when  it  is  the  extreme  moif- 
ture  of  the  bail  of  the  eye  alone,  which  makes 
obje(5ls  appear  confufed,  they  will  be  rendered 
diftindl,  by  placing  a  piece  of  thick  clear  glafs 

I  3  between 

The  fhocks  were  paffed  through  tlie  globe  of  the  right  eye^ 
and  the  light  of  that  eye  was  recovered  in  one  week's  ex- 
periment. The  woman  was  defirous  of  leaving  the  hofpital, 
content  with  the  recovery  of  the  fight  of  one  eye,  and  fear- 
ful of  the  pain  flie  expeiienccd  fiom  the  fhock  ;  but  a 
report  of  the  cafe  being  made  to  tiie  furgeons,  Mr.  Birch 
direftedthe  eleftric  fluid  from  a  wooden  point  only,  to  be 
poured  into  the  other  eye,  which  perfedly  reflored  the 
fight  of  it,  though  not  in  fo  fliort  a  time.  At  the  end  of 
the  month  fhe  was  difcharged  from  the  hofpital,  pei  feftly 
cured,  able  to  read,  work,  and  tell  the  time  by  a  watch. 

Several  fimilar  cafes  have  frnce  happened,  with  which, 
perhaps,  the  public  may,  in  time,  be  made  acquainted  ; 
tliough  moft  of  them  are  cafes  of  the  gutta  ferena,  the 
calara6l  not  having  been  found  to  yield  to  clc6liicltv. 
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between  the  eye  and  the  objedl:  he,  therefore, 
advifes  the  ufe  of  a  pair  of  fpedlacles,  of  plain 
thick  coach-window  glafs,  without  any  con- 
vexity; the  ufe  of  thefe  will  forward  the  cure, 
which  will  foon  be  efi'eded  by  an  appHcation  of 
the  proper  remedies,  care  being  taken  at  the 
fame  time  to  avoid  extremes  of  light. 

Of  Squinting. 

I  hefitated  long,  whether  I  (hould  fay  any 
thing  concerning  this  affedion  of  the  eyes,  but 
was  at  laft  determined,  by  confidering,  that  this 
elTay  might  pafs  into  many  hands,  who  would 
probably  never  fee  thofe  philofophical  and  me- 
dical treatifes,  in  vhich  this  fub-jed;  has  been 
particularly  handled ;  and  that  I  might,  there- 
fore, be  a  mean  of  communicating  ufeful  know^- 
ledge  to  thofe  whom  it  would  otherwife  never 
reach. 

It  mufi,  however,  be  confelTed,  that  after  all 
that  has  been  written  upon  this  fubjed,  we  are 
advanced  but  a  very  little  way;  thofe  who  have 
had  fkill  to  make  proper  obfervations,  have 
wanted  opportunity,  and  ihofe  who  have  had 
opportunity,  have  been  deficient  either  in  fkill  or 
attention. 

%  Before 
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Before  we  advert  to  the  unpleafing  difpofition 
of  the  eyes,  termed  fquinting,  it  will  be  proper 
to  confider  that  curious  phasnomenon  of  vifion, 
by  which  we  are  enabled  to  fee  objeds  fingie  with 
two  eyes ;   for  two  pictures  of  the  objed:  are 
formed,  one  on  each  retina,  each  pidlure  exhibits 
the  objed:  to  us  in  a  certain  direc5lion,  yet,  we 
in  general  perceive  only  one  objedl.  Whenever 
we  look  attentively  at  any  objedl,  the  axes  of 
both  eyes  are  directed  towards  ir,  and  we  are  fo 
accuftomed  to  turn  both  eyes  towards  the  fame 
place,  that  if  one  eye  be  fhut,  it's  motion  will 
follow  that  of  the  other.  This  concurring  motion 
has  been  one  of  the  reafons  affigned,  why  an 
objed:  feen  with  both  eyes  appears  lingle ;  but 
this,  like  rnoft  other  folutions  of  this  phaenomenon, 
is  very  unfatisfadlory,  for  the  eye  fees  not  the 
concurrence  of  thefe  imaginary  axes  :  Vvhatever 
be  the  caufe,  we  are  affured  of  the  fa<fl,  that  when 
both  eyes  look  at  the  fame  objedi:,  the  mind  fees 
that  objedl  iingle. 

Dr.  Reid,  who  has  confidered  this  fubje(5l  * 
with  much  attention,  refolves  the  whole  into  a 
I  4  law 


*  Reid's  Inquiry  into  the  Human  Mind,  p.  283. 
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law  of  nature,  laying  it  down  as  a  general  fac^, 
or  phaenomenon  of  vifion,  that  in  perfed  hunaan 
eyes,  the  centers  of  the  two  retinae  correfpond 
and  harmonize  with  one  another,  and  that  every 
other  point  in  one  retina,  correfponds  with  that 
point  which  is  iiinilarly  fituated  in  the  other; 
and  when  the  pidures  fail  on  correfponding 
points  of  the  two  retinse,  one  objed  only  will  be 
feen,  though  there  fnould  be  really  two ;  and 
the  pidures  falling  upon  the  points  of  the  re^ 
tinas  that  do  not  correfpond,  will  occalion  two 
vifible  appearances,  although  there  be  but  one 
objed.  That  pidures  upon  correfponding  points 
of  each  retina,  raife  in  the  mind  a  fenfation  of 
the  fame  appearance,  as  if  they  had  fallen  upon 
the  fame  point  of  one,  while  pidures  falling  upon 
points  of  the  two  retinae,  which  do  not  corref- 
pond, give  the  mind  the  idea  of  two  diftind 
objeds. 

If  we  diflort  unnaturally  our  eyes  from  their 
parallel  diredion,  or  if,  while  we  dired  the  axes 
of  the  two  eyes  to  one  point,  and  at  the  fame 
tim.e  exert  our  attention,  which  is  alfo  un- 
natural, on  another  objefl,  either  much  nearer 
or  much  further,  in  thefe  cafes  we  fee  one  objed 
double,  or  two  confounded  in  one. 


The 
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The  laws  of  vifion,  in  the  human  conflitution, 
are  wifely  adapted  to  the  natural  u(e  of  the  eyes, 
but  not  to  that  v\hich  is  unnatural  ;  when  we  * 
are  obedient  to  the  laws  of  order,  as  n^anifcRed 
iti  nature,  we  fee  objecfts  properly,  but  have  falie 
appearances  prefenied  to  us,  when  we  ufe  them 
in  an  unnatural  manner.  No  part  of  the  human 
conflitution  is  more  to  be  admired,  than  that 
whereby  we  acquire  habits  which  are  found  to 
be  ufeful,  #ithout  any  defign  or  intcfition. 

Squinting  is  attributed  to  a  variety  of  caufes; 
in  many  inflances,  it  is  undoubtedly  owing  to  a 
prevailing  principle  of  human  aCoon,  habit  in- 
duced by  imitation:  at  other  times  to  habit, 
brought  on  from  the  peculiar  circumftance  in 
which  the  eye  happens  to  be  placed. 

A  new  born  infant  is  incapable  of  fixing  his 
eyes  on  any  objecl:,  he  moves  one  without  moving 
the  other,  or  moving  it  in  a  contrary  dire6lion, 
rolling  them  about,  being  unable  to  difcriminate 
.one  objed:  from  another;  but  as  the  body  grows 
flronger,  the  eye  becomes  fortified  and  capable 
of  obeying  the  aclion,  and  rcceivmg  the  i 
^ions  of  the  mind,  which  now  directs  the  optical 
^xes  towards  the  fame  point,  which  diredioii 

becomes 
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b2:3:Ti?3  afterwards  To  natural,  that  in  procefs  of 
time  it  can  fcarce  be  altered  even  by  the  efforts 
of  the  will. 

But  while  the  powers  of  the  body  are  weak, 
if  the  infant  be  fo  placed  in  it's  bed,  or  cradle, 
as  to  view  the  light  or  any  agreeable  objed,  from 
one  fide  only,  it  will  probably  learn  to  fquint; 
for  though  at  iiril  he  may  difcern  the  objed  with 
both  eyes,  yet  as  this  requires  fome  exertion, 
and  that  perhaps  rather  painful,  he  foon  relaxes 
of  his  lab  our,  and  turns  only  that  eye  which 
is  near  the  objecl,  from  which,  if  often  pradlifed, 
they  form  the  habit  of  moving  their  eyes  dif- 
ferently ;  the  fame  aptnefs  to  turn  their  eyes  in 
contrary  dired:ions  may  be  brought  on,  by  often 
prefenting  to  them,  at  the  fame  inflant,  a  variety 
of  objeds. 

A  cold  in  the  head,  a  lownefs  of  fpirits,  or  a 
continued  exertion  or  poring  of  the  eyes,  will 
often  occafion  thofe  to  fquint,  that  are  not  ac~ 
cuflomed  to  do  it  at  other  times.  This  is  pro- 
bably occafioned  by  a  forenefs  or  tendernefs  of  the 
retina,  which  makes  the  impreffions  of  light  fo 
oftenfive,  that  the  eyes  are  forced  into  an  un- 
natural direction  ;  that  by  feeing  obfcurely,  pain 

may 
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may  be  avoided.  This  diftcmpcr  may  be  cured, 
by  ufing  fiat  green  glafies,  or  any  other  contri- 
vance that  will  lelfen  the  light.  This  forenefs 
miay  alfo  be  a  fixed  difiemper  in  one  eye ;  the 
perfon  will  then  turn  it  on  one  fide,  not  that  he 
may  fee  better,  but  to  avoid  feeing  with  it  at 
all. 

This  defedl  may  be  produced  by  a  fpafm  in  the 
mufcles  that  move  the  eye,  or  by  fome  of  them 
being  either  too  fhort  or  too  long,  too  rigid  or 
too  lax.  If,  by  any  of  thefe  means,  the  natural 
equilibrium  be  deilroyed,  the  eye  will  be  turned 
too  much  one  way ;  among  thefe  caufes,  fome 
are  beyond,  and  others  within,  the  reach  of 
medicine  :  of  the  various  tonics  that  may  be  ap- 
plied, eledricity  will  probably  be  found  the  moft 
powerful,  and  moll  efficacious. 

An  oblique  pofition  of  the  cryfialline,  or  the 
cornea,  will  occafion  fquinting ;  in  either  of 
thefe  cafes,  no  aiTifiance  can  be  derived  from  art. 
The  objed  to  which  the  eye  is  direQed  is  not 
diftindly  feen,  becaufe  it's  image  does  not  fall, 
upon  thofe  parts  of  the  retina  that  are  befi.  fuited 
to  anfwer  the  purpofes  of  vifion. 


One 
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One  part  of  the  retina  is  generally  fuppofed  to 
he  more  fenlible  than  another,  and  that  we  turn 
our  eyes,  fo  that  this  part  may  receive  the  im- 
preffions  of  the  light ;  but  if  this  part  be  awry  in 
one  or  both  eyes,  the  pcrfon  will  necefTarily 
fquint. 

Mr.  Buffon  and  Dr.  Reid  have  fhewn,  that  the 
greatefl  number  of  thofe  that  fquint  have  very 
indiflindt  vifion  with  one  eye.  Indeed,  M.  Buffon 
afferts,  that  the  true  and  general  caufe  of  this 
difeafe  is  an  inequahty  in  the  limits  of  difiind: 
vifion  in  the  two  eyes;  when  one  eye  is  more 
feeble  than  the  other,  w  e  do  not  dired  it  towards 
the  object,  but  make  ufe  of  that  which  is  Wronger. 
Dr.  Jurin  obfcrves,  that  thofe  who  fquint,  and 
fee  with  both  eyes,  never  at  the  fame  inftant  fee 
the  famiC  objed:  with  both  eyes  ;  for  when  one  eye 
is  turned  diredlly  towards  an  objed:,  the  other  is 
drawn  fo  clofe  to  the  nofe,  that  to  it  the  objed:  is 
invifible.  In  feme  fquinting  eyes  he  obferved 
the  diverging  eye  to  be  drawn  under  the  upper 
eyelid,  while  the  other  was  direded  to  the  objed:. 

Dr.  Reid  recommends  eleven  fubjefts  of  in^ 
quiry  to  thofe  who  may  meet  with  cafes  of  this 
diforder^  as  ncceifary  not  only  for  giving  us  a 
true  iofighr  uiio  this  fubjedl,  but  alfo  for  laying 

thp 
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the  foundation  of  a  rational  mode  of  cure;  thefe 
1  Ihall  therefore  fubjoin.* 

1.  We  ought  to  inquire  whether  the  fquinting 
perfon  fees  equally  well  with  both  eyes  ?  and  if 
there  be  a  defed  in  one,  the  nature  and  degree  of 
that  defed:  (hould  be  inveH-igated,  The  obferver 
muft  not,  in  this  cafe,  rely  upon  the  teftimony  of 
the  patient ;  but  mud  nnake  fuch  experiments  as 
will  be  proper  for  drawing  a  juft  conclufion.  In 
all  the  fucceeding  heads  of  inquiry,  the  patient  is 
fuppofed  to  fee  fo  well  at  lead,  with  both  eyes,  as 
to  be  able  to  read  with  cither,  when  the  other  is 
covered. 

2.  When  one  eye  is  covered,  we  muft  fee 
whether  the  other  is  turned  diredly  towards  the 
objed:.  If  the  fquinting  eye  turns  afide  from  the 
objedl  when  the  other  is  covered,  it  would  prove 
that  in  that  indance  De  la  Hire's  famous  hypo- 
theds  was  true.  In  all  the  cafes,  however,  that 
have  been  tried  by  Meff.  Jurin,  Potterfield,  and 
Reid,  the  contrary  has  taken  place,  and  the  axis 
of  the  fquinting  eye  was  turned  diredlly  towards 
the  objevft,  when  the  other  was  covered. 

We 
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3.  We  ought  to  fee  whether  the  axes  of  the  two 
eyes  follow  each  other,  fo  as  to  have  always  the 
fame  inclination,  or  form  the  fame  angle,  when 
the  perfon  looks  to  the  right  or  to  the  left,  up- 
ward or  downward,  or  fl:ralt  forward  :  this  will 
determine  whether  a  fquint  be  owing  to  any 
affedion  of  the  mufcles.  In  the  following  heads 
of  inquiry,  the  inclination  of  the  axes  of  the  eyes 
is  fuppofed  to  be  always  the  fame. 

4.  Whether  the  patient  fees  an  obje6l  lingle  or 
double. 

There  is,  probably,  always  a  greater  or  lefs  dif- 
tortion  of  the  eyes  where  there  is  double  viiion  • 
yet  it  is  certain  that  there  is  not  always  double 
vifion  where  there  is  a  fquint ;  there  are,  perhaps, 
no  inftances  where  double  vifion  has  lafted  any 
length  of  time.  In  the  following  inquiry  we 
{hall  take  it  for  granted,  that  the  fquinting  perfon 
fees  objedls  iingle. 

5.  Our  next  inquiry  fliould  be,  whether  the 
obje6l  is  feen  with  bfjth  eyes  at  the  fame  time,  or 
only  with  that  eye  whofe  axis  is  directed  towards 
it. 
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Mod  writers  before  Dr.  Jurin,  took  it  for 
granted,  that  thofe  who  fquint  fee  objeds  fingle 
with  both  eyes  at  the  fame  time  :  it  is  an  opinion 
unfupported  by  fads,  and  the  truth  of  it  denied 
by  Jurin.  It  is  very  eafy,  in  any  particular  in- 
ftance,  to  decide  the  queftion.  While  the  perfon 
that  fquints  looks  (ieadily  at  any  objecl,  let  the 
obferver  carefully  remark  the  direction  of  both 
eyes,  and  obferve  their  motions ;  and  let  an 
opakebody  be  placed  between  the  olijedl:  ano  eacn 
eye  fucceflively.  if  the  patient,  not\vithfl"anding 
this  interpcfition,  and  without  changing  the  di- 
redtion  of  his  eyes,  continues  to  fee  the  objeci  all 
the  time,  we  may  fairly  conclude  that  he  faw  it 
with  both  eyes  at  once.  But  if  the  interpofition 
of  the  opake  body  between  one  eye  and  the  object 
makes  itdifappcar,  then  v/e  may  be  as  fure  that  it 
is  feen  by  that  eye  only. 

In  the  two  next  articles  we  fuppofe  the  firfl:  to 
happen,  according  to  the  generally  received 
hypothefis. 

6.  On  this  fuppofition,  it  ought  to  be  inquired 
whether  the  patient  fees  an  objcdl  double  in  thofe 
cafes,  where  it  appears  double  aifo  to  thofe  wha 
do  not  fquint. 


For 
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For  this  purpofe,  let  him  place  a  candle  at  the 
diflance  of  ten  feet,  and  holding  his  finger  at 
arm's  length  between  him  and  the  candle  let 
him  obferve  when  he  looks  at  the  candle,  whether 
he  fees  his  finger  with  both  eyes,  and  whether  he 
fees  it  Tingle  double  ;  and  when  he  looks  at 
his  finger,  let  him  obferve  whether  he  fees  the 
candle  with  both  eyes,  and  whether  it  appears 
fingle  or  double. 

If  the  patient  is  found  to  fee  objedls  fingle  w^itb 
two  eyes,  not  only  in  the  cafes  wherein  they  appear 
fingle,  but  alfo  where  they  appear  double  to  other 
men,  we  may  conclude,  that  his  fingle  vifion 
docs  not  arife  from  correfpondent  points  in  the 
retinae  of  his  eyes,  and  that  the  laws  of  vifion  are 
different  in  him,  from  what  they  are  in  the  reft 
of  mankind. 

If,  on  the  other  hand,  he  fees  obje^ls  double 
in  thofe  cafes  wherein  they  'appear  double  to 
others,  we  muft  conclude  that  he  has  correfpond- 
ing  points  in  the  retinae  of  his  eyes,  but  that  they 
are  firuated  unnaturally.  If  the  common  hypo- 
thefis  be  true,  that  one  who  fquints  fees  an  object 
with  both  eyes  at  the  fame  time,  and  yet  fees  it 
fingle,  the  fquint  will  probably  be  of  the  kind 
dcfcribed  in  this  article  ;  and  we  may  conclude, 
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that  if  a  pcrfon,  affeifled  with  fuch  a  fquint  as  we 
have  here  fuppofed,  could  be  bro  !;^''t  to  the 
habit  of  looking  ftrait,  it  would  be  i^i'^hiy  pre- 
judicial to  the  light  :  for  he  woulo  then  fee  every- 
thing double  which  he  faw  with  bothe_yes  at  the 
fame  time,  and  objedh  diftant  from  each  other 
would  be  confounded  together  ;  his  e)cs  are  made 
for  fquinting,  and  the  cure  vvould  be  woric  than 
the  difeafe,  as  it  is  far  better  to  fquint,  than  to 
purchaie  the  cure,  by  the  lofs  of  perfect  and  dif- 
tind:  vificn. 

8.  We  may  after  thefe  trials  return  to  the 
hypothecs  of  Dr.  Jurin,  and  fuppofe,  that  the 
patient  when  he  faw  objects  lingle,  notwith- 
ftanding  his  fquint,  was  found,  upon  trial,  to 
have  feen  them  only  with  one  eye. 

The  patient  mufi:  now  be  advifcd  by  repeated 
efforts  to  leffen  his  fquint,  and  to  bring  the  axes 
of  his  eyes  nearer  to  a  parallel  diredtion;  we 
have  a  power  of  making  fmall  variations  in  the 
inclination  of  the  optic  axes,  and  this  power 
may  be  greatly  increafed  by  exercife,  by  per- 
feverance,  and  patience.  If  the  practice  is  begun 
while  the  patient  is  young,  he  will  probably  foon 
learn  to  diredt  both  his  eyes  to  one  objecl* 
When  this  power  is  acquired,  it  will  be  eafy  to 
K  determine. 


145 


ESSAY    ON  VISION, 


determine,  whether  the  center  of  the  retinse, 
and  points  limilarly  fituated  with  refped:  to 
thefe  centers,  correfpond  as  in  other  men. 

9.  Let  us  now  fuppofe  this  to  be  the  cafe, 
and  that  he  fees  an  objcQ;  iingle  with  both  eyes, 
when  the  axes  of  both  are  diredcd  to  it. 

It  will  then  be  his  bufinefs  to  acquire  the 
habit  of  looking  flrair,  as  he  will  thereby  not 
only  remove  a  difagreeable  deformity,  but  con- 
liderably  improve  his  fight. 

10.  As  the  cafe  mentioned  in  the  ninth  article 
is  not  merely  hypothetical,  but  founded  on  ab- 
folute  fad:,  it  will  be  neceffary  further  to  inquire, 
hovi'it  happens  that  fuch  a  perfon  fees  an  object  at 
which  he  is  looking  only  with  one  eye,  when  both 
are  open  ? 

To  elucidate  this  queftion,  we  mud  again  go 
to  experiment,  and  obferve,  firft,  Whether  our 
patient,  when  he  looks  at  an  objed,  does  not 
draw  the  diverging  eye  fo  clofe  to  the  nof:_  that 
it  can  have  no  diftincl  images?  or  fecondly. 
Whether  the  pupil  of  the  diverging  eye  is  not 
covered  wholly,  or  in  part,  by  the  upper  eyelid? 
thirdly.  Whether  the  diverging  eye  is  not  fo 
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direded,  that  the  pi6ture  of  the  object  falls  upon 
that  part  of  the  retina,  where  the  optic  nerve 
enters,  and  where  there  is  no  vifion?  This  is 
probably  the  cafe  in  a  [quint,  where  the  axes  of 
the  eyes  converge  fo,  as  to  meet  about  fix  inches 
before  the  nofe. 

II.  In  the  lafl;  place  we  fliould  inquire,  whe- 
ther the  perfon  has  any  diftindi:  vifion  at  all 
with  the  diverging  eye,  at  the  time  he  is  looking 
9t  an  obje(fi:  with  the  other ;  for  though  the 
perfon  may  be  able  to  read  widi  the  diverging 
eye,  when  the  other  is  covered,  yet  w^hen  both 
are  open  it  m.ay  have  no  diftind  vilion. 

The  foregoing  inquiries  are  much  eafier  in 
theory  than  praQice,  and  for  enfuring  fuccefs, 
fome  qualifications  of  mind  are  necefiary  in  the 
patient,  which  are  not  always  to  be  met  with ; 
but  a  due  attention  to  them,  where  there  is 
opportunity,  will  foon  furniili  us  with  more  i  im- 
portant fads  than  we  are  at  prefent  acquainted 
with  :  by  thefe  fads  vain  theory  will  be  exploded, 
and  our  knowledge  of  the  laws  of  nature,  with 
regard  to  the  nobleft  of  our  fenfcs,  enlarged. 
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Of  the  Method  of  Cure. 

We  fuppofe  the  preceding  inquiries  to  have 
been  made,  previous  to  any  attempts  towards  a 
cure;  xf,  in  confequence  of  thefe,  we  find  that 
the  cure  will  not  be  prejudicial  to  the  patient's 
light,  we  may  proceed  to  try  any  of  the  follow- 
ing meihods:  the  firil  is  that  propofed  by  Dr. 
Jurin.  When  the  patient  is  of  an  age  capable 
of  attending  to  the  following  dire6tions,  place 
him  directly  before  you,  and  let  him  clofe  the 
undidorted  eye,  and  look  at  you  with  the  other; 
"when  you  find  the  axis  of  this  eye  fixed  diredlly 
upon  you,  bid  him  endeavour  to  keep  it  in  that 
fituation,  and  open  his  other  eyc;  you  will  now 
perceive  the  diftorted  eyc  turn  away  from  you 
towards  the  nofe,  and  the  axis  of  the  other  eye 
will  be  pointed  towards  you.  By  patience  and 
repeated  trials,  he  will  be  able  to  keep  his  dif- 
torted  eyc  fixed  upon  you,  at  leaft  for  a  Httle 
time  after  the  other  is  opened,  and  when  you 
have  brought  him  to  keep  the  axes  of  both 
eyes  fixed  upon  you,  while  you  fiand  diredly 
before  him,  it  will  be  time  to  change  his  pofture, 
and  to  place  him  a  little  on  one  fide  of  you, 
and  then  on  the  other,  continuing  the  fame  prac- 
tice;  when  he  can  in  all  fituations  perfedlly  and 
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readily  turn  the  axes  of  both  eyes  towards  you, 
the  cure  is  efFeded ;  this  will  be  forwarded  by 
his  frequently  pradiling  before  a  mirror,  and  by 
having  a  friend  always  at  hand,  to  obferve  and 
admonifli  him  when  he  fquints." 

MefTrs.  Buffon,  Reid,  and  Darwin,  concur  in 
recommending  the  patient  to  cover  the  good 
eye,  as  the  moft  effedual  and  natural  niethod  of 
cure,  as  by  frequent  ufe,  the  fight  of  the  weak  eye 
is  llrengthened,  and  acquires  a  habit  of  turning 
to  the  objeds  which  the  patient  u  ifiies  to  fee ;  and 
the  better  eye  by  lofmg  fomething  in  this  refped 
facilitates  greatly  the  cure;  the  inequahiies  in 
the  eyes  Ihould,  however,  be  firft  well  afcer- 
tained,  becaufe  this  method  will  not  fuccecd  if 
there  is  too  great  a  difference.  M.  BufFon  fays, 
that  if  the  eye  that  fquints  be  turned  towards 
the  temples,  there  is  feldom  any  great  inequality 
between  them,  and  that  in  this  cafe,  the  diiorder 
arifing  only  from  a  vicious  habit,  he  has  known 
the  cure  to  be  completed,  by  covering  the  good 
eye  for  a  fortnight  only:  it  is  neceffary  to  cover 
the  good  eye  for  fome  time,  in  order  to  exercife 
and  firengthen  the  bad  eye,  that  a  proper  judg- 
ment may  be  formed  of  the  poffibility  of  the 
cure. 


K  3 
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In  the  68th  vol.  of  the  Philofophical  Tranf« 
adlions.  Dr.  Darwin  has  given  an  account,  of 
which  the  following  is  an  extract,  of  a  very 
curious  and  confirmed  cafe  of  fquinting^  and 
of  the  method  he  ufed  for  curing  ir. 

The  patient  was  a  boy  five  years  old,  who 
viev/ed  every  objed  that  was  prefented  to  him, 
with  but  one  eye  at  a  time. 

If  the  objed  was  prefented  on  the  right  fide^ 
he  viewed  it  with  his  left  eye;  if  it  was  pre^ 
fented  on  the  left,  he  viewed  it  with  the  right 
eye* 

He  turned  the  pupil  of  that  eye  which  was 
on  the  fame  fide  with  the  obje61,  in  fuch  a  direc- 
tion, that  the  image  of  the  objedl  might  fall 
upon  that  part  of  the  bottom  of  the  eye,  where 
the  optic  nerve  enters  it* 

When  an  objed  was  held  diredlly  before  him, 
he  turned  his  head  a  little  on  one  fide,  and  ob- 
ferved  it  but  with  one  eye,  namely,  that  moft 
dillant  from  the  objed,  and  when  he  became 
tired  of  obferving  it  with  that  e'ye,  he  turned  his 
bead  the  contrary  way,  and  obferved  it  with 
equal  facility  with  the  other  eye,  but  never 

turned 
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turned  the  axes  of  both  eyes  towards  it  at  the 
lame  time. 

He  faw  letters  which  were  written  on  bits 
of  paper,  fo  as  to  name  them  with  equal  eafe, 
and  at  equal  diliances,  wuh  one  eye  as  the 
other. 

There  was  no  perceptible  difference  in  the 
diameter  of  the  pupils,  or  their  degree  of  con- 
tradlability,  after  having  covered  his  eyes  from 
the  light. 

The  foregoing  obfervations  were  carefully 
made,  by  writing  lingle  letters  on  Ihreds  of 
paper,  and  laying  wagers  with  the  child,  that 
he  could  not  read  them  when  they  were  pre- 
fented  at  certain  diHances,  and  in  certain  direc- 
tions. 

As  from  thefe  circumftances  it  appeared  that 
there  was  no  defecl  in  either  eye,  and  that  the 
difeafe  was  fimply  a  depraved  habit,  there  was 
great  room  for  hopes  oF  fuccefs  in  the  cure* 

For  this  purpofe  a  proper  gnomon  was  made 
and  fixed  to  a  cap,  and  when  this  artificial  nofe 
was  placed  over  the  real  one,  fo  as  to  projedl: 
between  his  eyes^  the  child  rather  than  turn  his 
K  4  head 
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head  to  look  at  oblique  objeQs,  began  to  view 
them  with  that  eye  which  was  next  to  them ; 
the  father, of  the  child  dying,  the  cure  was  neglect- 
ed for  fix  years,  and  though  the  habit  was  fo 
confirmed  as  to  leave  little  room  for  a  cure,  the 
£imc  phyfician  being  called,  he  again  attempted 
to  remove  the  deformity  by  a  fimilar  con- 
trivance. 

A  gnomon  of  thin  brafs  was  made  to  fland 
over  his  nofe,  with  a  half  circle  of  the  fame 
metal  to  go  round  his  temples;  they  w^ere  covered 
with  black  filk,  and  fixed  by  means  of  a  buckle 
behind  his  head,  and  a  crofs  piece  over  the 
crown  of  the  head ;  this  gnomon  was  worn  with- 
out inconvenience,  and  projedled  before  the  nofe 
about  two  inches  and  a  half.  By  the  ufe  of  this 
he  foon  found  it  lefs  inconvenient,  to  view  all 
oblique  objeds  with  the  eye  next  them,  inftead 
of  the  eye  oppoiite  to  them. 

After  this  habit  was  weakened  by  a  week's  ufe 
of  the  gnomon,  two  bits  of  wood,  about  the 
lize  of  a  goofe  quill,  were  blacked,  all  but  a 
quarter  of  an  inch  at  their  fummit.  Thefe  were 
frequently  prefented  to  him  to  look  at,  one  being 
held  on  one  lide  of  the  extremity  of  his  black 
gnomon,  and  the  other  on  the  other  fide  of  it. 

As 
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As  he  viewed  thefe,  they  were  gradually  brought 
forward  beyond  the  gnomon,  and  then  one 
was  concealed  behind  the  other;  by  thefe  means, 
in  another  week  he  could  bend  both  his  eyes  on 
the  fame  objed,  for  half  a  minute  together,  and 
by  continuing  the  ufe  of  the  fame  apparatus,  he 
was  in  a  fair  way  of  recovery,  when  the  paper 
was  written  for  the  tranfadion. 


FINIS. 


CATALOGUE 

OF 

Mathematical  and  Philofophical  Inflruments^ 

MADE  AND  SOLD  BY 

GEORGE  ADAMS, 

Mathematical  Inftrument  Maker  to   His  Majefly,  and 
Optician  to  His  Royal  Highnefs  the  Prince  of  Vv^aleSj 

No.  60,  Fleet-StreeTj  London. 


Optical  Inftruments* 

£,  s.  d, 

THE  befl  double-jointed  filver  rpe8;acles,  with 

giaffes           -—     1     1  o 

The  beft  ditto,  with  Brazil  pebbles    1  16  o 

Single  joint  filver  i'peftacles,  with  giaffes       —  o  15  o 

Ditto,  with  Brazil  pebbles  — .    110  o 

Double-joint  fteel  ditto,  with  giaffes    076 

Beft  fingle-joint  fpeftacles    050 

Ditto,  inferior  frames,  from  2s.  6d.  to           —  036 

Nofe  fpeftacles,  mounted  in  filver    076 

Ditto  in  tortolfefhell  and  filver  .  046 

Ditto  in  horn  and  fteel             "   010 

Speftacles  for  couched  eyes 

Spe6lacle 
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Speftacles  with  fhades 

Concave  glaflfes  in  horn  boxes,  for  fhort-figbt^d  eyes  016 
DiUo,  mounted  in  tortoifefhell  and  filver,  pearl  and 
filver,  in  various  manners,  and  at  different  prices 

Reading  glafies,  fVorn  2s.  6d  to   ^ — _  2     2  d 

Opera  glaffes,  from  10s.  6d.  to    220 

Ditto  on  an  improved  conftruftion,  il.  7s.  and  111  6 

Ditto  to  be  ufed  at  fea  by  night  — —  1  11  6 

Diagonal  operas  of  a  new  conftruftion         —  1     1  d 

Telefcopes  of  various  lengths,  fizes,  and  prices 
Acromatic  telefcopes,  portable  and  convenient  for 
the  pocket,  the  Aiding  tubes  are  of  brafs,  and 
therefore  not  fubjeft  to  the  inconveniences  of 
thofe  that  are  made  with  vellum  drawers,  from 

il.  lis.  6d.  to    —  — —  880 

Telefcopes  to  be  ufed  at  fea  by  night 

Acromatic  perfpe6live  glaffes  for  the  pocket,  from 

ICS.  6d.  to  •   .   2  12  6 

A  portable  acromatic  telefcope  and  microfcope, 

from  3I.  13s.  6d.  to    . — —       4*4  6 

A  thirty-ihch  acromatic  telefcope,  with  different 
eye-pieces  for  terreftrial  and  celeftial  objefts ; 
this  is  one  of  the  moft  pleafant  telefcopes  that  is 
made  for  general  purpofes,  from  81.  8s.  to  11  11  o 

An  acromatic  telefcope,  about  three  feet  and  an  half 

long,  with  different  eye-pieces   18  18  o 

A  three-feet  refle6fing  telefcope,  with  four  magni- 
fying powers,  with  rack  work    '        3^  ^5  o 

A  ditto,  two  feet  long,  with  ditto   ■  21    o  o 

A  two-feet  reflefting  telefcope,  with  two  powers    12  12  o 

An  eighteen-inch  ditto   —    880 

A  twelve-inch  ditto      S    5  ^ 

Adams's  lucer nal  microscope,  for  opake  and 
tranfparent  objefts;  it  does  not  fatigue  the  eye, 
is  in  all  cafes  a  proper  fubftitute  for  the  folar 
microfcope,  and  on  many  occafions  fuperior  to 

it  —  — —    21  00 

A  fmall  double-refle£ling  microfcope    2  12  6 

A  larger  ditto       3  13  6 

An  improved  univerfal  double  microfcope  660 
Ditto  fitted  up  in  a  different  form,  from  81.  8s.  to  14  14  o 
Ellis's  aquatic  microfcope  — •  — —  220 

Ditto  with  an  adju fling  fcrew    212  6 

Withering's  and  other  botanical  microfcopes,  from 

ios.  6d.  to    <  ^       3    3  o 

Small 
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Small  pocket  rrlcrofcopes,  from  6s.  to    3 

SoL;r  microlcopes    g  g 

SoU^microfcopesl^akcar^ 

p!'Z:L^^^^^o.n  to  imitate  the  (olar 

C~'cXaions  of  objcas  forthemicrofcope, 

eitlier  oi.ake  o^  tranlparent 
CoUea^on  of   iaits,  properly  prepared   for  the 

Ma^Sgl^^^^  for  botanical,  anatomical,  and 

other  purpofes,  from  2,,.  to 
Small  ma^i^  lanihorns,  with  twelve  Imall  glal. 

Aiders,  from  10-.  6d.  to 
Ditto  whh  the  Ihd-rs  better  pamted 
Larre  masic  lantho  ns,  from  iL  5s.  to  — 
Optial  machines  for  viewing  perfpethve  prrnts, 

Vrom  18s  to  o  6 

SrloDtr'C  balls  ~  _  ,  ^  ^ 

Sma    camera  obfcnras,  from,  OS.  6d  to        -       3  3° 

Book  and   pyramid^cal  camera  obfcuras,  from 

An'artifidal  eye  for  iliuftvating  the  principles  of 
vifion 

Prifms,  mounted  in  various  manners  ,Q,8  o 

Concave  and  convex  mirrors,  irom  7s.  6d  to  18  i»  o 
Cyhndricai  ditto,  from  il.  IS.  to   13  ^3  <> 

Geographical  and  Aflronomical  Inftruments. 

PRICES    OF  GLOBES. 

08  inches  diameter,  mounted   in  the  common 

manner  ■ — — 
28        ditto        mounted  in  mahogany  frames  50    o  O 

28        d:tto        frames  carved  and  ornamented 
18        citto        mounted  in  the  common  m.anncr  660 
18        ditto        mounted  in  the  common  manner 

in  mahogany  frames   .  880 

18        ditto        mounted  in  the  belt  manner,  m 

ftained  frames     .  9 

^8  '      ditto       mounted  in  the  belt  manner,  m 

n^hogany  frames  —  —  ^^-^^^^^^o 


111  b 

1  16  o 


7  7 
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18  inches  diameter,  mounted  in  the  beft  manner, 

in  carved  frames     

16  ditto  mounted  in  the  common  "ni.riuer 
12  ditto  mounted  in  tiT^  r  :  :/  m^r  ner 
12^       ditto       niounted  in  V  r  e- manner, 

in  mahogany  fra-nes   , 

12       dilta       mounted  in  the  befl  manner,  in 

ftained  frames   -  . 

12       ditto       mounted  in  the  befl  manner,  in 

mahogany  frames   .   

9       ditto       mounted  in  the  common  manner 
^       ditto       mounted  in  the  beft  manner 
6        ditto        mounted  in  the  beft  manner 
3        ditto        mounted  in  the  beft  manner 

3        ditto       for  the  pocket  — -  , 

An  armillary  dialling  fphere   _ 

An  armillary  fphere,  (hewing  at  one  view  the  real 

and  apparent  motion  of  the  heavens   

An  armillary  fphere,  with  a  planetarium  withm  it 

Plain  armillary  Ipheres,  from  5I.  5s.  to  '  

A  manual  planetarium  and  tellurian   

A  new  inftrument  for  illuftrating  the  phasnomena 

of  the  feafons    

A  ditto  for  illuftrating  the  phafes  of  the  moon, 

and  the  caufes  of  eclipfes  —   

A  manual  planetarium     

^The  three  laft-mentioned  inftruments  are  thofe 
reprefented  in  plates  V.  XV.  and  XVI.  of 
my  aftronomical  efl'ays) 
A  planetarium  with  wheel-work,  by  which  the 
order  and  motion  of  the  planets,  their  fituation 
with  refpeft  to  the  earth  at  different  times,  and 
the  reafon  of  their  appearing  to  be  fometimes 
flationary,  and  to  move  at  other  times  in  contrary 
direftions,  are  rendered  obvious  to  the  eye  7  ^7  ^ 

A  tellurian  and  lunarium  for  illuftrating  the  phse- 
nomena  of  the  earth  and  moon,  and  forming 
a  proper  companion  for  the  former 
(The  tellurian  and  lunarium  may  be  combined 
together,  or  feparate) 
A  correft  and  elegant  planetarium,  lunarium,  and 
tellurian,  (fee  plate  XIX.  of  my  aftronomical 

effays)    ^    —        18  18  o 

Ditto  with  the  diurnal  motion  (o  the  earth  24    o  © 

5  Th. 


£,  s. 

d. 

16  16 

0 

6  6 

0 

3  3 

0 

4  4 

0 

5  15 

6 

7  7 

0 

2  2 

0 

4  4 

0 

3  3 

0 

1  11 

6 

0  10 

6 

40  0 

0 

31  10 

0 

31  :o 

0 

26  0 

0 

3  ^3 

6 

4  10 

0 

4  10 

0 
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£.s.  d. 

The  mofl;  complete  planetarium,  tellurian,  and 

lunarium,  plates  XVII.  and  XVIII.      —       3^     ^5  O 

Orreries,  from  1 81.  i8s.  to       —  —        looo      o  o 

A  imall  quadrant,  with  an  horizontal  and  vertical 
motion,  for  the  inftru6lion  and  amufement  of 
young  people  —  —  O    i6  o 

A  ditto  framed  in  brafs,  more  accurately  made  and 

graduated         —  —  —  .2    12  6 

A  fmall  equatorial,  being  at  once  an  accurate  uni- 
verfdl  dial,  and  a  portable  obfervatory  ;  with  it 
a  great  number  of  curious  and  interefhing  pro- 
blem;; may  be  folved,  and  any  perfon  foon  ren- 
dered mafter  of  the  elen^ents  of  praftical 
aftronomy   ■    8    iB  6 

Ditto  on  a  large  fcale,  with  a  telefcope,  and  more 

adjuflments      26      5  o 

Complete  equatorial  inftiuments,  from  50  gs.  to    500      o  O 

Tranfit  instruments,  aftronomical  quadrants,  cir- 
cular inilruments,  according  to  their  hzes,  the 
variety  and  accuracy  of  their  adjuflments 


Mathematical  Inftmments,   for  Geometry, 
Drawing,  &c. 

Plain  compaffes  for  meafuring  lines,  from  is.  to  o  5  0 
Drawing  compalTes  with  moveable  points,  from 

5s.  6d.  to      .  330 

Drawing  pens,  from  is.  to    •   o  50 

Bow  compaffes  for  defcribing  fmall  circles,  from 

3s.  to        050 

Hair  compaffes  for  taking  extents  with  accuracy  o  76 
Beam  compaffes  for  defcribing  large  circles,  laying 

down  divifions,  &c. 
Triangular  compaffes  for  transferring  three  points 

at  once  from  any  plan  or  drawing,  from  18s.  to  1  1  <> 
Proportionable  compaffes  for  diminifning  plans  or 

drawing  in  any  afligned  proportions  —  1116 
Elliptical   compaffes    with    fri£lion    rollers  for 

drawing  ellipfes  —      .    ^  40 

Elliptical 


6 


A  CATALOGUE  OF  INSTRUMENTS. 


Elliptical  eompaffes  on  a  different  conftruftion, 
anfwering  at  the  fame  time  the  purpofes  of  beam 
and  calliper  eompaffes     ^  40 

Spiral  eompaffes  for  defcribing  fpirals,  anfwering 
alfo  as  beam  and  elliptical  eompaffes,  from  61.  6s. 

to       11  11  Q 

Parallel  rules  of  various  conftruftions 
A  new-invented  parallel  rule,  which  for  facility  in 
application,  and  accuracy,  exceeds  any  other 

kind,  from  8s.  6d.  to     ,        l  10 

Ditto  with  a  protraftor 

An  inftrument  for  drawing  lines  inclined  in  a  given 
angle  to  each  other,  tliough  the  angular  point  is 
at  an  immenfe  diftance,  a  rule  exceeding  ufeful 
in  perfpeflive 

Various  inftruments  for  the  purpofe  of  dividing 
lines,  or  transferring  divifions  on  paper 

A  cyclograph,  or  an  inftrument  by  which  circles 
may  be  defcribed,  from  4  or  6  inches  radius  to 
one  as  large  as  the  orbit  of  the  Georgium  Sidus    6  60 

Plain  fcales  and  feflors  of  different  hzes 

Square  protraftors,  femicircuiar  and  circular 

Pocket  cafes  of  drawing  inftruments,  from  7s.  6d.  to  5    15  6 

Magazine,  or  complete  coUtftion  of  drawing  in- 
ftruments, at  111.  lis.  at  17I.  17s.  and  from 
thence  to       50  00 

Perfpe6live  eompaffes  for  afcertaining  the  relative 

proportion  of  objefts  — .  _   o    18  o 

Dr.  Hirft's  inftrument  for  drawing  in  perfpeftive    5      5  © 

A  new  invented  inftrument  for  the  lame  purpofe, 
which  will  facilitate  the  operations  of  the  artift, 
and  greatly  affift  beginners 

An  inftrument  for  facilitating  drawings  from  naturcj 
by  afcertaining  a  number  of  points 

Concave  lenfes  with  fquares  for  eye  drafts 

Drawing  glaffes,  or  glaffes  with  a  fight  to  affift 
draftfmen 

Pantographers  for  copying,  reducing,  and  enlarg- 
ing drawings,  from  2I.  12s.  6d.  to   "        6  60 


Surveying 
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Surveying  Inftruments, 


Cafes  oF  drawing  inftruments 
Parallel  rules 
Plotting  fcales 
Sets  of  plotting  fcales 

A  new-invented  parallel- rule,  with  plotting  fcales 
A  parallel  rule  and  protraftor 
A  plotting  fcale  in  form  of  a  beam  compafs 
Protraftors  for  laying  down  angles 

Ditto  with  a  nonius  and  moveable  liuib  — —  5  12  6 
Ditto  rendered  more  accurate,  as  the  limb  is  made 

to  move  with  a  tooth  and  pinion    4  ^4  ^ 

Meafuring  wheels    .  6  i6  6 

Pedome'erb  for  meafuring  a  given  diftance  in  walking 
Meaf  ring  chains  of  50  and  100  feet 

GuntCi's  cKatn       —  ,  ^  _  O    7  G 

Tape  boxe  s,  accord  "ng  to  the  length 

Surveying  ciofs  01  'quare   -         1  11  6 

Plain  tdbks,  with  an  index, and  fights;  by  thefe  the 
plan  is  taken  on  the  fpot,  and  dr?es  not  require  a 
future  protraftion      3  ^3  ^ 

Beighton's  improved  plain  table,  with  an  index  of 
a  peculiar  make;  in  this  inftrumcnt  the  line  of 
fight  is  always  over  the  center  cf  the  table,  the 
ftation  lines  are  alfo  drawn  parallel  to  thofe 
meafured  on  the  ground      1414  o 

Theodolites,  or  inftruments  for  meafuring  angles, 
diftances,  &c.  are  made  in  various  ways,  fome 
being  more  fimple  and  portable,  others  more  ac- 
curate, and  with  a  greater  number  of  adjuftment^  ' 

Theodolites,  with  plain  fights,  and  a  compafs  box, 

from  5I.  5s.  to  .     5156 

A  fmall  theodolite,  with  telefcopic  fights  and  verti- 
cal arch  •     990 

A  larger  ditto,  in  which  the  limb  of  the  theodolite  is 
made  to  ferve  occafionally  the  purpofe  of  a  pro- 
traftor   .    14^14  o 

A  ditto  of  the  fame  fize,  on  a  different  conftruftion, 
the  vertical  arch  being  affixed  to  a  long  axis;  the 
limb  does  not  ferve  for  a  protraftor         —         14  14  O 

A  U''ge  ditto,  like  the  preceding,  only  moving  with 
rack*wprk      —    21  00 

h  Ths 
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The  lateft  improved  theodolite,  with  double  tele- 

fcope,  and  every  requifite  adjaftment 
Circumferenters,  the  principal  inftrLiment  ufed  in 

America,  from  2I.  2s.  to  —   4*4 

An  improved  circumferenter,  fo  contrived,  that 

the  operator  need  not  reft  the  truth  of  his  work 

entirely  on  the  needle ;  it  may  be  alfo  ufed  to 

take  altitudes 
Air  or  fpint  levels  with  telefcopic  fights,  from 

4I.  14s.  6d.  to 
Air  orfpirit  levels  with  plain  fight? 
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Station  ftaveswith  Hiding  vanes  for  levelling 
A  fmall  furveying  compafs,  with  fights,  a  nonius 

divifion,  and  three-legged  ftaff"   

A  fmall  furveying  compafs  and  fmgle  ftick  — 
(The  two  foregoing  inftruments  are  portable  and 
light,  and  may  be  put  with  eafe  in  the  pocket) 
Miners  compaffes,  ufed  for  carrying  on  works 

under-ground,  from  10s,  6d.  to         ■  .  110 

Ditto  with  a  fmall  telefcope  fixed  to  one  fide  i  11  6 

Optical  fquare,  a  fmall  inftrument  for  furveying  by 
right  angles;  it  requires  no  ftaff,  and  may  be 

eafily  corre6led  or  adjufted   —  116  o 

An  optical  inftruraent  for  determining  with  ac- 
curacy when  obje6ls  are  in  a  ftrait  line  . —       1    7  © 


Military  Inftruments. 


Gunners  levels  or  perpendiculars 
Gunners  callipers 
Beam  calhpers 
Shot  guages 
Shell  ditto 

Gunners  quadrants  with  a  plummet 

Ditto  with  a  level 

Ditto  with  an  adjufting  fcrew 

Ditto  and  perpendicular  combined  together 

General  Williamfon's  inftruments  for  howitzers, 
mortars,  &c. 

Surveying  compafles,  furveying  croffes,  cafes  of  in- 
ftruments, telefcopes,  plain  tables,  theodolites, 
&c. 

A  complete  apparatus  for  an  officerj  in  a  box  21    o  ® 

Inftrumenis 
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Inftruments  for  Navigation. 


Cafes  of  inftruments,  and  telefcopes  of  different 
kinds,  (izes,  and  prices 

Night  telefcopes,  from  il.  1  IS.  6d.  to    220 

Opera  glafs  for  the  fame  purpofe   ■ — •  i  11  6 

A  telefcope  with  an  eye-gla(s  micrometer,  for  de- 
termining the  diftance  of  a  fhip  at  fea 
Hadley's  quadrants  in  mahogany  frames        —         25    2  o 
Ditto  in  black  ebony  frames  ■  3  3 

Hadley's  fextant  in  wood   —   6  16  6 

Ditto  in  brafs,  on  the  moft  improved  plan,  from 

111.  lis.  to      15  15  o 

Knight's  fleering  compafs  with  improvements  2126 

Knight's  azimuth  ditto  -—   5^5  ^ 

Ditto  on  friftion  wheels  iq  10  O 

Marine  barometers;  by  thefe  ftorms  have  been 

foretold  at  fea  fome  hours  before  they  happened 
Circular  inftruments,  to  anfwer  the  purpofe  of  the 

fextant      ^3  ^3  o 

Dipping  needleSj  from.  1 2I.  12s.  to       •  31  10  » 

Inftruments  for  Eleftricity. 

A  fmall  eleftrical  machine,  with  a  fcleft  apparatus  880 

An  eleftrical  machine,  with  a  fele£l  apparatus  in  a 
box;  the  machine  is  mounted  in  a  plain  but 
ftrong  manner,  and  fo  as  to  aft  with  power;  the 
apparatus  is  the  moft  convenient  and  (imple 
hitherto  contrived  for  medico-eleftrical  purpofes   6  16  6 

Ditto  with  an  additional  apparatus  lately  contrived 

for  more  eafily  giving  partial  fhocks    7  ^ 

Improved  eleftrical  machines,  from  3I.  13s.  6d.  to  40    o  o 

Eleftrical  batteries,  from  2I.  12s.  6d.  to 

Eleftrical  jars  of  difi^erent  fizes 

Ditto  with  an  eleOirometer  affixed  to  them  o  iB  o 

Medical  bottles,  with  a  tube  for  qualifying  the 

fhock       076 

Ditto  mounted  with  a  difcharging  rod,  and  an 
eleftrometer,  on  an  improved  plan,  for  giving 
the  eleftric  fhock   ■    110 


Direftors 
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Dircftors  with  glafs  handles  for  medical  purpofes  o  lo  6 
Jointed  difchargers  with  glafs handles  — —  o  lo  6 
Plain  difcharging  rods        — —  _  030 

An  univerfal  di (charger  and  prefs  ■   1  11  6 

Kinnerfly's  eleftricalthermometer    1    1  © 

Quadrant  ele£lromcter    .  010  6 

Cavallo's  atmof^heric  eleftrometer,  from  15s.  to        1    1  d 

Ditto  with  additions,  by  De  SaulTure    111  6 

Bennet's  gold  leaf  cleft ro meter  —   O  18  o 

An  apparatus  for  making  Canton's  and  Wilfon's 

experiments  on  ele6lric  attraftion,  &c. 
Compound  apparatxis,  fig.  49,  plate  III.  of  my  effays 
on  cledriciiy;  by  this  apparatus  a  great  number 
of  neat  and  iatisfaftory  experiments  lanay  be  per- 
formed *   — , — w  3    3  o 

Ditto  without  the  exhaufted.  flaflc  conduftor  1  11^6 
Leyden  vacuum  '  —  010  6 

Luminous  conductors  --^ — r  —  110 

Spiral  tubes,  from  4s.  6d.  to  - — o  10  6 
Coloured  fpirals  -= — -  - — ^  o  o 

Sets  of  fpirals,  fee  plate  V.  fig.  98,  of  my  elTays  on 

ekftricity      t  ti  6 

Luminous  words,  from  10s,  6d,  to   in  6 

Spotted  bottle  — — — —  090 

Belted  bottle,  plate  in.  fig.  46    110 

Double  bottle,  a  pleafing  and  ufeful  part  of  an 
eleftrical  apparatus,  to  gain  a  clear  idea  of  the 

Franklinian  theory  —  .   o  18'  0 

Plates  and  ftand  for  dancing  images,  pith  images, 

and  pith  balls 
An  artificial  fpider 
A  fmall  head  with  hair 

An  eleftrical  piftol-  for  inflammable  air  — »—  7  G 

Ditto  mounted  in  fets  as  a  battery 
An  ele6brical  cannon  for  gunpowder 

A  thunder  houfe  —   066 

DUto  with  a  drawer   —   086 

A  powdcf  houfe,  fig.  89,  plate  V.  — —  o  16  0 

A  pyramkf,  fig.  90,  plats  V.  —  o  15  a 

Nichotfon.'& revolving  doubler  ~-  —  3    3  o 

A  boflc  ball  and' a  bail  of  box  wood  fitted  on  brafs 
wires 

Electric  flyer  arrd'  points 

A  plain  fet  of  bells^  fig.  1-7,  plate  II.  — *  690 
Five  bells  mounted  on  at  ftand,  fig.  18,  plate  II.  018  o 
A  fct  of  mufical  bells,  fig.  19,  plate  IL       —  170 

Magic 
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£.  s.  d. 

Magic  piflure   '    o  lo  6 

Ele?tric  ftools,  from  8s.  6d.  to   

An  elefttophorus,  from  los.  6d,  to   

Apparatus  for  Experiments  on  Magnetifm. 

An  apparatus  for  explaining  the  principal  phe- 
nomena of  magnetifm,  from  3I,  3s,  to  15  15  © 
Magnets 

Small  compound  magnets 
Horfeftioe  magnets 

Compound  ditto,  from  15s.  to  — — ^  21  06 

Dipping  needles  from  12I.  12s.  to   —         31  10  o 

Jfariation  compaffes,  from  2L  12s.  6d.  to  21    o  o 


Inftriiments  for  Experiments  Oft  Pneumatics. 

A  fmall  fingle-barrel  air-pump   2  12  6 

A  fmall  double-barrel  ditto    4^4  ^ 

A  larger  ditto   — •  —  6  16  6 

A  table  air-pump   ^    10  10  © 

The  American  double-barrelled  air-pump,  the 
lateft  improvement  on  this  inftrument,  in 
which  the  air  receives  no  impediment  from  the 
aftion  of  valves  of  cocks,  exceeding  Smeaton's 
in  accuracy  and  fimplicity,  and  far  fjperior  in 
botli  refpefts  to  feveral  later  contrivances 
A  condenfing  engine  *,  this  may  be,  if  defired,  com- 
bined with  the  former,  but  the  rational  and 
praftical  experimentaliil  will  find  many  advan- 
tages in  having  them  detached  from  one  another 

Apparatus  for  m  Air-Pump* 

The  magdeburg  hemifphttres,  from  12s*  to  1  11  6 
A  flat  plate  and  collar  of  leathers  for  placing  on 

open  receivers      015  6 

Guinea  and  feather  apparatus,  for  experiments 

on  the  refiftance  of  the  air,  from  18s.  to       —  1116 

A  fet  of  mills  for  ditto             —            ——  ill  6 

A  ditto  on  a  better  conllruftion                   ^  440 

Bell 
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£.  s.  d. 

Bell  apparatus,  for  fliewing  that  a  vacuum  does  not 

communicate  found  — —    056 

I)itto  on  a  better  conftruftion 

Ditto  with  wheel-work,  by  which  the  bell  may  be 

put  in  motion  or  flopped  at  pleafure   .       3  ^3  ^ 

A  new  apparatus  for  ftriking  flint  and  fleelin  vacuo 

An  apparatus  for  firing  gunpowder  in  vacuo 

A  copper  bottle,  beam  and  (land,  for  weighing  of  air  216  o 

A  box  bladder  and  lead  weights,  to  fhew  theelaflic 

power  of  the  air   ■    o  15  6 

Ditto  on  an  improved  plan    o  18  o 

A  model  of  a  pump,  iiiuftrating  at  the  fame  time 
the  nafure  of  pumps,  and  proving  that  there  is 
no  fuch  thing  as  fuftion    1     5  0 

A  fmall  receiver  and  plate,  which  clearly  evinces  |g| 
that  receivers  are  kept  on  the  pump  by  preffure, 
not  fu6lion   ■   .  o  12  o 

A  filtering  cup   056 

A  plate  and  piece  of  v-'pod   046 

(The  two  lafl  articles  are  for  fhewing  the  porofity 
of  vegetables) 

The  torricellian  experiment 

Fountain  in  vacuo   —   .  056 

Ditto  on  a  different  conflrudion    o  18  a 

Lungs  glafs     056 

Ditto  on  a  different  conflruftion 

A  fingle  transferer  plate  and  pipe  for  a  fountain  015  & 
A  double  transferer,  for  communicating  a  vacuum 

from  one  receiver  to  another  — —  3  3© 

A  burnt  air-pipe,  for  experiments  on  infefted  air  0180 
An  apparatus  to  illuftrate  the  lateral  preifure  of  the 

air 

Breakmg  fquare  and  cage 

A  imall  bladder  and  lead  weight 

A  fmall  ballance  beam  and  (land  —   076 

Ditto  on  an  improved  conftrutlion 
Receivers  of  different  fizes 

Meteorological  Inftruments. 

A  plain  portable  barometer   220 

Ditto  with  a  thermometer    3  3° 

A  plain  barometer,  covered  frame  and  glafs  door  212  6 

Ditto  with  a  thermometer      3  ^3  ^ 

A  barometer  with  a  long  cylindric  thermometer  440 

A  ditto  with  ditto,  and  De  Luc's  hygrometer  770 

A  barometer 
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£,  s. 

A  barometer  and  thermometer,  with  a  guage,  the 

indexes  moving  by  rack-work*    5^5  ^ 

A  barometer  for  meaiuring  the  altitude  of  moun- 
tains, &c. 

Marine  barometers 

Diagonal,  wheel,  and  flatical  barometers 

Fahrenheit's  thermometers,  from  il.  is.  to  2  12  6 

Ditto  for  botanic  purpofes   —  o  18  o 

Ditto  for  the  brewery     1    1  O 

De  Luc's  hygrometer;  by  whichxomparalive  obfer- 
vations  may  be  made  on  the  drynefsand  moifture 

of  the  air,  from  3I.  3s.  to    7    7  O 

Rain  guages 

Dr.  Lind's  wind  guage 

Hygrometers  with  the  beard  of  the  wild  oat  0106 
Fontana's  eudiometer  for  afcertainmg  the  purity 

of  the  air  — —    2    c  a 


Inftruments  for  illuftrating   the  Mechanie 
Powers,  the  Laws  of  Motion,  &c, 

A  concife  apparatus  for  illuftrating  the  nature  of 
the  ballance,  the  pulley,  the  dittcrent  kinds  of 
levers,  the  inclined  plane,  the  wheel  and  axle, 
the  fcrew,  a  compound  engine,  and  a  compound 
lever  ;  alfo,  a  double  cone  to  move  up  an  in- 
clined plane,  and  other  pieces  to  fliew  tiie  pro- 
perties of  the  center  of  gravity,  from  21I.  to        26    5  o 

A  ditto  on  a  more  enlarged  fcale    3^  10  Q> 

Atwood's  apparatus  for  demonftrating  with  accu- 
racy the  laws  of  accelerated  and  retarded  motion. 
It  is  one  of  the  moft  pleafmg  and  fcientific  inftru- 
ments  in  mechanics,  as  well  from  the  variety  of 
experiments  that  may  be  made  with  it,  as  ihe 
accuracy  with  which  they  are  performed  26  5 

A  machine  for  illuftrating  the  theory  of  central 
forces ;  in  this  machine  the  times  arc  marked  by 
found,  the  fpaces  are  fhewn  by  an  index,  the 
errors  arifingfrom  fiiclion  are  fo  far  lelTened  as 

to  be  fcarcely  fenfible   31  10  o 

Pullies  of  various  combinations  and  conftruflions 
A  fmall  carriage,  inclined  plane,  wheels  of  differ- 
ent fizes,  &c.  for  experiments  on  wheel  carriages 
Rpberyar^  paradoxical  ballance 

Gycloidal 
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JCycloidal  lever,  fee  Erperl'on's  Mechanics,  prop. 

20,  25. 
Compound  fteelyard 

An  apparatus  for  experiments  on  coUifion 

Ditto  for  illuflrating  the  coiripofition  and  r^folution 
of  motion 

Tyrometers  on  varigus  conflrufticns 

'  With  many  other  anicies  and  models  for  expe- 
riments on  friftion,  pendulums,  &c.  too 
numerous  to  be  comprized  in  a  fmall  catalogue 


Iflftruments  for  Experiments  in  Hydroftatics 
and  Hydraulics. 

Hydroftatic  ballances,  from  2I.  2S.  to  —  10  10  o 
Nichoifon's  improved  hydrometers,  for  afcertaining 

the  fpecific  gravity  of  bodies 
Ditto  for  examining  of  coin 

A  concife  apparatus  for  experiments  on  hydroftatics  21  10  4^. 
An  apparatus  for  fhewing  that  fluids  have  weight 
Ditto  for  fliewing  that  the  particles  of  fluids  exer- 

cife  their  preffme  independently  one  of  the  other 
Ditto  to  fhew  that  fluids  prefs  in  every  dire6kion 
Ditto  to  demonflirate  the  lateral  prefTure  of  fluids 
Ditto  to  fhew  that,  ceteris  paribus,  the  prefl'urc  of  fluids  is  Z^S. 

their  perpendicular  height 
The  hydrottatic  paradox 
The  hy  Iroftdtic  bellows 

Apparatus  lor  iltuflrating  the  laws  of  prefTure  and  equilibriun? 

between  heterogeneous  fluids 
Ditto  for  iiluflrating  the  aftion  of  fluids  upon  Ijpdies  im* 

merfed  in  them 
An  apparatus  for  experiments  on  fpouting  fluids 
llydrometers  for  proving  fpirits,  from  il.  i  is.  6d.  to  4  14  % 
An  apparatus  for  making  experiments  on  capillary  tubes 
The  model  of  the  diving  bell 
A  glafs  model  of  the  lifting  pump 
A  ditto  of  the  lifting  and  forcing  pun^p 
piero's  fountain  in  copper  japann«d 
Ditto  double 
I'ountain  of  comtnand 

A  japanned  copper  fountain  to  aft  by  condenfcd  air  wit$i  ^ 

variety  of  jets 
Apparatus  for  experiments  on  fyphons^ 


